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NOW!  Work  Directly  with 
Government  Labs 


A  New  Directory  to  Expertise, 
Facilities,  and  Services 

The  4th  edition  of  this  valuable  directory  guides  you  to 
hundreds  of  Federal  agencies,  laboratories,  and  engineer 
ing  centers  willing  to  share  their  expertise  and  equip- 
ment— and  sometimes  even  their  facilities — to  aid  in 
your  research.  Detailed  summaries  of  more  than  1,100 
unique  resources  are  arranged  in  32  subject  areas  for 
easy  reference 

Manufacturing 
Materials 
Medicine 
Nuclear 
Ocean  sciences 
Physical  sciences 
Transportation 
Plus  others 


Aeronautics 

Agriculture  and  food 

Biological  sciences 

Building  technology 

Computers 

Elect  rotechnology 

Energy 

Engineering 


The  name,  address,  and  phone  number  of  a  personal 
contact  is  listed  for  each  entry,  along  with  the  de- 
scriptive summary. 

Descriptions  of  90  Technical  Information  Centers  are  in- 
cluded 

These  centers  offer  information  services  and  expertise  in  areas  such  as  fuels, 
cold  regions,  concrete,  fisheries,  toxicology,  pesticides,  plastics,  and  much  more 

Four  handy  indexes  make  it  easy  for  you  to 
locate  the  resource  you  need: 

•  A  Subject  Index  lets  you  look  up  your  need 
by  specific  topic. 

•  The  State  Index  arranges  all  the  resources 
within  a  state. 

•  The  Resource  Name  Index  provides  a 
quick  reference  if  you  already  have  a  name 
of  a  specific  Federal  laboratory  or  service. 

•  An  Agency  Index  provides  a  listing  of  all 
the  resources  by  Government  agency. 
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"The  Directory  will  be  popular  in  research  or 
business  libraries." 

Reference  Book  Bulletin 
American  Libraries  Association 


Order  your  directory  today. 

Call  the  NTIS  sales  desk  at  (703)  487-4650.  Refer  to  the 
NTIS  order  number,  PB90-1 04480 AAW,  price  $59.95 
plus  $3.00  for  handling. 
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"This  directory  is  unusually  well-indexed.. ..It 
should  be  on  the  shelf  of  every  Chamber  of 
Commerce  end  economic  development  or- 
ganization in  the  nation." 

Mr.  Brian  McLaughlin 

Information  Services  and  Research 

Syracuse,  NY 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  tact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA  221 61 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
Tech  Notes  should  be  directed  to: 

Tech  Notes  Editor 

Room300BF 

National  Technical  Information  Service 

Springfield,  VA  221 61 

(703)487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route  to   others   in   their  organization 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information,  in 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  Its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas ^ 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agency  reference 
number 

Source  of  more 
information  about  the 
technology  described  in 
the  fact  sheet 


■Page  number 
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Tech  Notes  Title  List  for 
November  1990 


Agriculture  &  Food 

0923  Production  of  Fish  Blocks  from  Cod  and  Pollock 
Trimmings 

0924  Ground  Pollution  Reduced  by  Pesticide  Encapsula- 
tion 

0925  A  New  Tissue-Culture  Tecfinique 

0926  Starch  Encapsulated  Viruses  that  Infect  Insects 
Remain  Active  as  Pest-Fighters  Longer 

Software 

0927  Program  Cuts  Lab  Tests  to  Monitor  Food  Bacteria 
Levels 

0928  Wheat  Milling  Simulated  with  New  Software 

Computers 

0929  Security  for  Open  Networks 

0930  Enhanced  Data-Acquisition  System — The  time- 
consuming,  costly  digitization  of  analog  signals  on 
magnetic  tape  would  be  eliminated. 

0931  Parallel  Architecture  for  Robotics  Computation — The 
system  is  a  reconfigurable  algorithmically  specialized 
architecture  with  both  MIMD  and  SIMD  capabilities. 
(Licensing  Opportunity) 

0932  Remote  Maintenance  Monitoring — An  automated 
system  gives  new  life  to  an  aging  network  of  comput- 
ers. 

Software 

0933  Collection  of  Software  for  Computer  Graphics — 
ARCGRAPH  provides  assistance  in  the  generation, 
manipulation,  and  display  or  graphical  data. 

0934  Least-Squares  Curve-Fitting  Program — The  user  can 
specify  the  error  of  fit  or  the  degree  of  the  fitting 
polynomial. 

Other  Items  of  Interest 

1 01 0     Human  Factors  in  the  Design  of  Video  Displays — 
Good  designs  will  take  account  of  perceptual 
tendencies  and  conceptual  biases  in  observers. 

Eiectrotechnoiogy 

0935  Analog  Delta-Back-Propagation  Neural-Network 
Circuitry — Changes  in  synapse  weights  due  to  circuit 
drifts  would  be  suppressed.  (Licensing  Opportunity) 

0936  Control  Circuit  for  Two  Stepping  Motors — Single  or 
repeated  steps  are  selectable. 

0937  Digital  Controller  for  Emergency  Beacon — Identifica- 
tion codes  would  guide  rescuers  in  the  appropriate 
types  of  responses.  (Licensing  Opportunity) 

0938  Integrated  Electro-optical  Laser-Beam  Scanners — 
Scanners  using  solid-state  devices  would  be 


compact,  consume  little  power,  and  have  no  moving 
parts.  (Licensing  Opportunity) 

0939  Iridium  Film  for  Charge-Coupled  Device— Usability  is 
extended  to  different  environments. 

0940  Layered  Internal-Photoemission  Sensor — High 
quantum  efficiency  would  be  achieved  without 
multiple  layer  contacts. 

0941  Nitric  Oxide  Enhances  Charge-Coupled  Device — The 
illuminated  back  surface  is  treated  to  raise  the 
quantum  efficiency. 

0942  Optical  Detection  of  Deformations  of  an  Antenna- 
Aim  would  be  corrected  in  response  to  changes  in 
shape. 

0943  Optoeletronic  Integrated  Circuits  for  Neural  Net- 
works— Many  threshold  devices  would  be  placed  on 
a  single  substrate. 

0944  Pipeline  Time-and  Transform-Domain  Reed-Solomon 
Decoders — A  modified  algorithm  simplifies  the 
designs. 

0945  Sampling  Downconverterfor Radio-Frequency 
Signals — Phase  and  delay  errors  would  be  reduced 
greatly.  (Licensing  Opportunity) 

0946  Phase-Compensating  System  for  Fiber-Optic 
Holography — Phase  steps  can  be  held  to  a  precision 
of  0.02(0). 

0947  Silicide  Schottky  Barrierfor  Back-Surlace-llluminated 
CCD — A  less  catalytic,  less  reactive  film  would  still 

maintain  high  quantum  efficiency. 

0948  Simplified  Correlator  for  Ranging  Codes — The 
received  signal  is  processed  with  fewer  arithmetical 
operations. 

Software 

0949  Program  for  Engineering  Electrical  Connections — 
Harmony  of  system  and  cabling  engineering  designs 
is  assured. 

Testing  &  Instrumentation 

0950  Sensor-rich  Test  Chip  Monitors  Packaging  of 
Semiconductors 

0951  High-Voltage  DC  Microammeter 

0952  Metal-Core  Transformers  Evaluated 

0953  Improved  Testing  for  EM  Susceptibility 

0954  Near-Field  Gain  of  Pyramidal  Homs 

0955  Optically-Tuned  Far-Infrared  Device — The  spacing  of 
a  visible  interference  pattern  determines  the  fre- 
quency of  infrared  radiation. 

Other  Items  of  Interest 

0958     Improved  Thermal-Switch  Disks  Protect  Batteries — 

Insulating  washers  hold  disks  in  place  to  prevent 
additional  short  circuits.  (Licensing  Opportunity) 
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Electrotechnology  (Cont.) 

1 024     Frequency-Domain  Signal  Processor  for  Laser 

Velocimeter — The  dynamic  range  and  accuracy  are 
increased.  (Licensing  Opportunity) 


Energy 

0956  Modifications  Create  Improved  Battery  with  a  1 0-year 
Lifetime 

0957  Numerical  Model  of  Pulse  Combustion  Aids  Industry 
Designs 

0958  Improved  Thermal-Switch  Disks  Protect  Batteries — 
Insulating  washers  hold  disks  in  place  to  prevent 
additional  short  circuits.  (Licensing  Opportunity) 

0959  Mobile  Centers  for  Secondary  Power  Distribution — 
Power  sources  on  wheels  would  need  only  short 
cables  to  equipment,  reducing  hazards  and  ob- 
stacles. 


Engineering 

0960  Advanced  Turbine  Blade  Tips 

0961  Miniature  Pan-and-Tilt  Mechanism  ,:■, 

0962  A  Ternary  Nitrate  Solution  for  Absorption  Heat  Pump 
Working  Fluids 

0963  Robot,  Sensor  Stations  Increase  Security  at  Remote 
Sites 

0964  Anticollision  Systems  for  Large  Mine-Haulage  Trucks 

0965  BIO-FIX  BEADS  Clean  Metal  ions  from  Mining 
Effluent 

0966  Paper  Mill  Sludge  Binds  Iron  Ore  Concentrate 

0967  Back-to-Back,  CounterrotatingTurbopumps — Two 
pumps  in  one  package  deliver  high  pressures. 
(Licensing  Opportunity) 

0968  Combination  of  Techniques  for  Computing  Incom- 
pressible Flow — Pseudocompressibility,  upwind 
differencing,  and  other  techniques  are  used  to  solve 
the  Navier-Stokes  equations. 

0969  Compact  Sunshade  for  Telescope  Antenna — An 
optical  receiver  could  detect  sources  apparently 
close  to  the  Sun. 

0970  Crash-Resistant  Shield — Thick  aluminum  honeycomb 
provides  protection  with  low  weight. 

0971  Electrodeposited  Nickel  Reinforces  Outlet  Neck — 
Selective  plating  reinforces  the  affected  part. 

0972  Design  of  Robots  for  Outer  Space — A  given  design  is 
usually  optimal  only  in  its  intended  environment. 

0973  Numerical  Simulation  of  Buckling  in  Waffle  Panels- 
Accurate  results  are  obtained  when  fillet  radii  are 
considered. 

0974  Photochemical  Degradation  of  Organic-Solvent 
Fumes — The  quality  of  air  would  be  enhanced. 

0975  Positioning  X-Ray  Film  With  String  and  Magnets- 
End  markers  contain  magnets  and  lead  for  radio- 


graphic identification  and  positioning. 

0976  Reinforcing  Liner  for  Composite  Cryogenic  Tank — 
The  liner  would  prevent  detachment  of  antileakage 
foil  from  the  shell.  (Licensing  Opportunity) 

0977  Simplified  Dynamic  Control  of  Redundant  Manipula- 
tors—Extra degrees  of  freedom  are  used  to  perform 
subtasks. 

Software 

0978  Computing  Mass  Properties  From  AutoCAD — Mass 
properties  of  structures  are  computed  from  data  in 
drawings.  . 

Testing  &  Instrumentation 

0979  Fast  Quenching  for  Hydrogen-Embrittlement  Tests — 
Hot  specimens  are  cooled  rapidly  in  high-pressure 
hydrogen. 

0980  Radial  Cracks  Would  Signal  Wearout  of  Turbine 
Blades — Nonfatal  defects  would  be  made  to  appear 
before  fatal  ones. 

0981  Second  Vapor-Level  Sensor  for  Vapor  Degreaser — 
Evaporation  would  be  reduced  during  idle  periods. 

Other  Items  of  Interest 

0957  Numerical  Model  of  Pulse  Combustion  Aids  Industry 
Designs 

0984  Test  and  Evaluation  of  a  Polymer  Membrane 
Preconcentrator 

0985  Ozone  Treatment  for  Cooling  Towers — Bacteria  and 
scale  are  reduced  without  pollution  and  at  low  cost. 

0986  New  Application  Found  For  Bureau  Soft-Soldering 
Technique 

0990     Compliant  Joints  for  Robots — Misalignment  between 
tolls  and  robotic  manipulators  are  accommodated. 
(Licensing  Opportunity) 

Environmental  Science  &  Technology 

0982  Municipal  Waste  Combustion  Assessment:  Combus- 
tion Control  at  New  Facilities 

0983  Municipal  Waste  Combustion  Assessment:  Medical 
Waste  Combustion  Practices  at  Municipal  Waste 
Combustion  Facilities 

0984  Test  and  Evaluation  of  a  Polymer  Membrane 
Preconcentrator 

0985  Ozone  Treatment  for  Cooling  Towers — Bacteria  and 
scale  are  reduced  without  pollution  and  at  low  cost. 

Other  Items  of  Interest 

0924  Ground  Pollution  Reduced  by  Pesticide  Encapsula- 
tion 

0965     BIO-FIX  BEADS  Clean  Metal  Ions  from  Mining 
Effluent 

0974     Photochemical  Degradation  of  Organic-Solvent 
Fumes — The  quality  of  air  would  be  enhanced. 
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Manufacturing,  Machinery  &  Tools 

0986  New  Application  Found  For  Bureau  Soft-Soldering 
Teciinique 

0987  IMDAS  Integrates  Comnnercial  Databases 

0988  Plasnna  Spray-Computer  Numerical  Controlled 
Workcell 

0989  Modification  of  Gear  Teeth  to  Reduce  Vibrations- 
Computer  simulations  yield  data  useful  in  designing 
for  low  noise. 

0990  Compliant  Joints  for  Robots — Misalignment  between 
tolls  and  robotic  manipulators  are  accommodated. 
(Licensing  Opportunity) 

Testing  &  Instrumentation 

0991  Coordinate  Measuring  Machines  (CMMs)Standards 

0992  Tests  Point  to  Faster  Production  of  Stronger  Iron  Ore 
Pellets 

0993  Borescope  With  Large  Depth  of  Focus — Clear, 
focused  images  are  easier  to  obtain. 

0994  Inspecting  the  Full  Circumferences  of  Tubes — An 
optical  tool  would  surround  a  tube  for  fast,  thorough 
inspection. 

0995  Multiple-lnlet/Single-Outlet Orifice  Plate— Susceptibil- 
ity to  blockage  is  reduced. 

Other  Items  of  Interest 

0931     Parallel  Architecture  for  Robotics  Computation — The 
system  is  a  reconf  igurable  algorithmically  specialized 
architecture  with  both  MIMD  and  SIMD  capabilities. 
(Licensing  Opportunity) 

0959     Mobile  Centers  for  Secondary  Power  Distribution — 
Power  sources  on  wheels  would  need  only  short 
cables  to  equipment,  reducing  hazards  and  ob- 
stacles. 

0972     Design  of  Robots  for  Outer  Space — A  given  design  is 
usually  optimal  only  in  its  intended  environment. 

0979     Fast  Ouenching  for  Hydrogen-Embrittlement  Tests — 
Hot  specimens  are  cooled  rapidly  in  high-pressure 
hydrogen. 

Materials 

0996  Magnetohydrodynamic  Device  for  Purifying  Molten 
Metals 

0997  A  New  Alloy  with  Improved  High-Temperature  Creep 
Resistance 

0998  Matrix. Vector  Multiplication  in  Thin  Photorefractive 
Crystal — A  thin  GaAs  device  could  be  integrated  with 
other  electronic  and  optoelectronic  devices.  (Licens- 
ing Opportunity) 

0999  Friction  and  Wear  of  Silicon  Ceramics — A  variety  of 
ceramics  are  tested  in  friction  against  a  nickel  alloy. 

1 000  Preparation  of  High-Temperature  Reactive  Oligom- 
ers— Very  reactive  materials  form  very-heat-stable 
polymers.  (Licensing  Opportunity) 

1 001  Tough,  Microcracking-Resistant,  High-Temperature 


Polymer — Simultaneous  synthesis  from  thermoset- 
ting and  thermoplastic  components  yields  a  polyim- 
ide  with  outstanding  properties.  (Licensing  Opportu- 
nity) 

Software 

1002  Computer  Model  of  Fiber  Use  in  the  Pulp  and  Paper 
Industry 

Testing  &  Instrumentation 

1003  Resin  Characterization 

1 004  Spectroscopic  Analysis  of  Insulating  Crystal  Fibers — 
A  new  method  provides  rapid  characterization  of 
optical  properties. 

Otfier  Items  of  Interest 

0992     Tests  Point  to  Faster  Production  of  Stronger  Iron  Ore 
Pellets 

Medicine  &  Biology 

1 005  Cellular  Mechanisms  of  Asbestos  Toxicity 

1006  Implanted  Programmable  Insulin  Pump 

1 007  Monkey  Model  Offers  Therapeutic  Promise  in 
Parkinson's  Disease 

1 008  Stable  Isotopes  for  Biomedical  Research 

1 009  Study  to  Help  Understand  Bone  Demineralization 

1010  Human  Factors  in  the  Design  of  Video  Displays — 
Good  designs  will  take  account  of  perceptual 
tendencies  and  conceptual  biases  in  observers. 

1 01 1  Mathematical  Model  of  Nerve/Muscle  Interaction — 
The  model  is  coarsely  homeomorphic  to  a  biological 
System. 

Other  Items  of  Interest 

0927     Program  Cuts  Lab  Tests  to  Monitor  Food  Bactena 
Levels 

1016  Basic  Membrane  Research 

1017  New  Mass  Spec  Database  of  Common  Compounds 

1018  Major  Expansion  Announced  for  Mass  Spec  Data- 
base 

1019  Novel  Process  for  Growing  Crystals 

1 023     Micromirror  Optical  Sensor  Can  Detect  Range  of 
Chemicals 

Natural  Resources  Technology  & 
Engineering 

Testing  &  Instrumentation 

1012  Atmospheric  Attenuation  Measurements  Studied 

1013  Processing  of  Multispectral  Data  for  Identification  of 
Rocks — Linear  discriminant  analysis  and  supervised 
classification  are  evaluated. 

1014  Method  Measures  Energy  of  Traumatic  Earth  Impact 

Events 
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Physical  Sciences 

1015  Bibliography  of  Electron  Swam  Data 

1016  Basic  Membrane  Research 

1017  New  Mass  Spec  Database  of  Common  Compounds 

1018  Major  Expansion  Announced  for  Mass  Spec  Data- 
base 

1019  Novel  Process  for  Growing  Crystals 

1 020  Generating  Second  Harmonics  in  Nonlinear  Reso- 
nant Cavities — Single-axial-mode  lasers  pump  very- 
low-loss  doubling  crystals.  (Licensing  Opportunity) 

1 021  Molecular  Electronic  Shift  Registers — Electrical 
charges  would  be  transferred  along  chains  of 
repeating  molecular  units.  (Licensing  Opportunity) 

1 022  Optical  Modulation  via  the  Photorefractive  Effect — 
Rotation  of  polarization  and  use  of  an  analyzer  yield 
large  variations  in  intensity. 

Testing  &  Instrumentation 

1 023  Micromirror  Optical  Sensor  Can  Detect  Range  of 
Chemicals 

1 024  Frequency-Domain  Signal  Processor  for  Laser 
Velocimeter — The  dynamic  range  and  accuracy  are 
increased.  (Licensing  Opportunity) 

1 025  Isothermal  Calorimeter — A  pressure-feedback  signal 
indicates  the  rate  of  heating. 

Otiier  Items  of  Interest 

0930     Enhanced  Data-Acquisition  System — The  time- 
consuming,  costly  digitization  of  analog  signals  on 
magnetic  tape  would  be  eliminated. 

0962     A  Ternary  Nitrate  Solution  for  Absorption  Heat  Pump 
Working  Fluids 

1 004     Spectroscopic  Analysis  of  Insulating  Crystal  Fibers — 
A  new  method  provides  rapid  characterization  of 
optical  properties. 

Transportation  &  Components 

1 026  Improved  Hub  Fairings  for  Helicopters— Drag  is 
reduced  by  a  cambered  hub  fairing. 


Agriculture  &  Food 


0923  Production  of  Fish  Blocks  from  Cod  and  Pollock  Trimmings 

0924  Ground  Pollution  Reduced  by  Pesticide  Encapsulation 

0925  A  New  Tissue-Culture  Techinique 

0926  Starch  Encapsulated  Viruses  that  Infect  Insects  Remain  Active  as  Pest- 
Fighters  Longer 

Software 

0927  Program  Cuts  Lab  Tests  to  Monitor  Food  Bacteria  Levels 

0928  Wheat  Milling  Simulated  with  New  Software 


V-Ov' 


Hi^  NOAA  Technology  Brief 

National  Oceanic  and  Atmospheric  Administration 


o.      ^^       »#' 

National  Marine  Fisheries  Service 
Northwest  Fisheries  Science  Center 


Production  of  Fisli  Blocks  from  Cod  and  Pollock 
Trimmings 

The  United  States  annually  imports  millions  of  pounds  of  minced  fish 
blocks.   For  example,  in  1987  nearly  AO  million  pounds  of  minced  fish  blocks 
worth  over  $27  million  were  imported.   These  blocks  are  usually  made  from 
gadoid  species  and  are  processed  mainly  into  fish  sticks.   However,  a 
significant  part  of  these  blocks  could  be  produced  domestically  using  Pacific 
cod  (Gadus  macrocephalus )  and  Alaska  (walleye)  pollock  (Theragra 
chalcogramma) .   Over  170  million  pounds  of  Pacific  cod  and  550  million  pounds 
of  Alaska  pollock  were  landed  in  Alaskan  waters  in  1987. 

Production  of  minced  fish  blocks  as  a  fishery's  primary  product  is 
limited  due  to  the  low  selling  price  of  the  blocks  and  the  high  costs  of 
preparing  them.   However,  use  of  filleting  machines  is  widespread  in  cod  and 
pollock  processing  in  Alaska.   As  much  as  10%  of  the  round  weight  of  cod  is 
discarded  as  trimmings  during  the  production  of  fillets.   These  trimmings 
could  be  an  excellent  source  of  minced  fish  flesh. 

One  problem  facing  production  of  mince  from  cod  or  pollock  trimmings, 
however,  is  the  presence  of  "sealworms"  or  "codworms."   Although  codworms  do 
not  present  a  significant  health  hazard,  as  they  are  killed  during  freezing 
(-20°C  for  60  hours)  or  cooking  (60°C  for  10  minutes),  their  presence  is 
unacceptable.   Recent  studies  conducted  by  NOAA  determined  that  mechanical 
meat  separators  could  produce  a  skinless,  boneless,  codworm-free  mince  that 
could  be  used  to  make  products  like  fish  sticks  or  portions. 

Two  different  types  of  mechanical  meat  separators  were  used  in  the 
studies.   One,  a  belt  type,  was  equipped  with  either  1-mm,  2.5-mm,  or  5-mm 
openings,  the  other,  a  rotating  paddle  type,  was  equipped  with  screen  openings 
of  2.4-mm,  3.2-mm,  or  4.8-mm.   The  belt-type  meat  separator  forces  minced  fish 
flesh  into  a  drum  by  the  pressure  of  the  belt  against  the  drum.   Belt-type 
meat  separators  have  been  used  successfully  for  many  years  in  the  production 
of  surimi  as  well  as  minced  fish  flesh.   The  rotating  paddle  type  operates  in 
a  manner  similar  to  the  refining  apparatus  used  in  surimi  production.   There, 
rotating  paddles  propel  the  minced  flesh  through  a  cylindrical  screen.   Fillet 
trimmings  were  ground  through  a  5-mm  plate  (not  used  with  the  belt-type 
separators)  before  passing  the  material  through  the  paddle  type. 

This  device  was  very  effective  in  removing  codworms  from  minced  cod 
flesh.   No  intact  codworms  were  found  in  the  minced  flesh  regardless  of  the 
size  of  the  holes  in  the  screens.   The  belt  type,  even  with  a  drum  opening  of 
1-mm,  was  not  as  effective  as  the  paddle  type  in  completely  removing  the 
codworms . 


The  composition  as  well  as  chemical  and  sensory  properties  of  the 
freshly  frozen  minced  cod  flesh  prepared  with  either  type  were  very  similar. 
However,  the  sensory  properties  of  both  minced  cod  products  changed  during 
frozen  storage  at  -18° C.   After  6  months  of  frozen  storage,  the  texture  of  the 
minced  cod  from  the  paddle  type,  when  evaluated  as  a  fried  breaded  portion, 
was  found  to  be  firmer  and  tougher  than  minced  cod  from  the  belt  type. 

The  studies  were  performed  by  Kermit  Reppond  and  Jerry  Babbitt  of  the 
Utilization  Research  Division  of  the  Northwest  Fisheries  Science  Center. 

Additional  information  is  available  from  NOAA/ORTA,  CS/RT,  Suitland 
Professional  Center  (SPC),  Room  307,  Suitland,  Maryland  20233.  Telephone 
(301)  763-A240. 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Ground  Pollution  Reduced  by  Pesticide  Encapsulation 


Encapsulating  pesticides  or  working  them  into  soil  can 
greatly  reduce  groundwater  pollution  on  no-till  fields.  A  3- 
ycar  study  in  Maryland  showed  that  in  dry  years  pesticide 
levels  in  groundwater  were  well  within  tl^ie  Environmental 
Protection  Agency's  health  advisory  levels  on  both  no-till 
and  conventional-till  cornfield  plots.  But  in  a  year  of 
normal  rainfall,  water  underlying  no-till  plots  had  signifi- 
cantly higher  concentrations  of  carbofuran  insecticide  and 
the  herbicides  alachlor,  alrazine  and  cyanazine  than  water 
underlying  conventionally  tilled  plots.  The  most  worrisome 
results  came  during  May  1988  when  2  inches  of  rain  fell 
over  2  days,  beginning  just  12  hours  after  the  herbicides 


were  sprayed  on  the  field  and  a  few  days  after  carbofuran 
had  been  worked  into  the  soil.  Both  atrazine  and  cyanazine 
levels  for  both  types  of  tillage  were  significantly  higher 
than  EPA  advisory  levels.  Using  alachlor-encapsulatcd 
pellets — which  allows  for  slow  release,  increased  efficiency 
and  reduced  loss  of  iJic  herbicide — resulted  in  much  lower 
levels.  Incorporating  carbofuran  into  the  soil  in  a  narrow 
band  had  the  same  effect.  Exposing  it  to  less  soil  lowers 
the  odds  of  its  being  washed  into  an  underground  shortcut 
to  groundwater. 

Hydrology  Lab.  Belisville.  MD 

TimJ.Gish.(30l)  344-4378 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


A  New  Tissue-Culture  Technique 


A  new  tissue-culture  technique  will  help  ease  the  prob- 
lems of  storing  germplasm  for  crops  that  are  not  usually 
stored  as  seed,  such  as  sweetpotatoes.  Sweetpotatoes 
stored  under  conventional  tissue  culture  techniques  have  to 
be  recultured  about  every  90  days — a  time-consuming, 
labor-intensive  process.  But  the  new  technique  puts  the 
plants  in  a  state  almost  like  suspended  animation.  This  is 
done  by  lowering  the  storage  temperature  of  the  tissue 


cultured  plants  to  minus  70  degrees  F  and  reducing  the 
carbohydrate  level  in  the  growth  media  from  3  percent  to  2 
percent.  The  time  between  regenerations  has  already  been 
stretched  from  3  to  12  months.  Once  the  plants  are 
removed  from  storage  and  planted,  they  grow  again  at  a 
normal  rate. 

Plant  Introduction  Research  Station,  Griffin,  GA 

Robert  Jarret,  (404)  228-7207 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Starch  Encapsulated  Viruses  that  Infect  Insects  Remain 
Active  as  Pest-Fighters  Longer 


Viruses  that  infect  insects  remain  active  as  pest-fif^liters  Red  dye,  a  fluorescent  whitening  agent  and  a  substance 

longer  if  encapsulated  in  starch  and  a  protectant  against  ttic  made  from  tree  bark  were  5  to  10  times  more  effective 

sun's  ultraviolet  (UV)  rays.  Scientists  have  long  known  against  tobacco  budworm  larvae  than  a  formulation  without 

that  sunlight  inactivates  many  microbial  pesticides.  But  these  UV  protectants.  Formulations  of  this  type  could 

researchers  working  with  a  nuclear  polyhcdrosis  virus  of  provide  farmers  with  more  effective  microbial  pesticides. 

Heliothis  insects — a  group  that  includes  tobacco  budworm 

and  many  other  crop  pests— developed  four  different  UV-  Biological  Control  of  Insects  Research  Lab. 

starch  formulations  to  slow  this  inactivation.   For  instance,  Columbia.  MO 

separate  preparations  made  with  activated  carbon,  Congo  Carlo  M.  Ignoffo.  (214)  875-5261 
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Research  Technology  software 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 

Program  Cuts  Lab  Tests  to  Monitor  Food  Bacteria  Levels 

Food  processors  can  use  a  new  ARS  computer  program  to  and  salt  influence  bacterial  growth.  The  program  is  being 

drastically  cut  the  number  of  lab  tests  now  required  to  refined  so  it  can  also  track  the  bacteria  Shigella,  Aeromonas 

monitor  bacterial  levels  in  foods.  While  not  100  percent  and  Staphyloccus.  About  300  companies  are  interested  in 

accurate,  the  computer  program  could  cut  by  75  percent  the  using  it. 

number  of  tests  needed  to  track  the  growth  of  Salmonella 

and  Listeria— iwo  food-poisoning  bacteria  found  in  meat  Microbial  Food  Safety.  Philadelphia,  PA 

and  dairy  products.  It  predicts  how  factors  such  as  acidity  Robert  Buchanan,  (215)  233-6620 


0 
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Research  Technology  software 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 

Wheat  Milling  Simulated  with  New  Software 


An  unusual  application  of  a  computer-aided  engineering  according  to  ARS  and  Washington  Stale  University  scien- 

program  used  to  crash-test  automobiles  could  improve  the  lists  conducting  the  research. 

milling  of  wheat.  The  program  ihree-dimensionally 

simulates  and  analyzes  what  happens  to  wheat  kernels  when  Food  Quality  Research,  Western  Regional  Research 

they  arc  crushed  and  ground.  The  results  could  lead  to  new  Center,  Albany,  CA 

tactics  for  separating  the  kernel's  bran  layer  from  the  inner,  Gregory  M.  Glenn,  (415)  559-5677 

flour-producing  endosperm.  This  would  increase  flour  Department  of  Agricultural  Engineering,  Washington 

yields  and  reduce  milling  costs.  Repeated  steps  currently  State  University.  Pullman,  WA 

used  to  pry  away  the  bran  from  kernels  waste  energy,  Marvin  J.  Pitts.  (509)  335-3243 
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Computers 


0929  Security  for  Open  Networks 

0930  Enhanced  Data-Acquisition  System — The  time-consuming,  costly 
digitization  of  analog  signals  on  magnetic  tape  would  be  eliminated. 

0931  Parallel  Architecture  for  Robotics  Computation— The  system  is  a 
reconfigurable  algorithmically  specialized  architecture  with  both  MIMD 
and  SIMD  capabilities.  (Licensing  Opportunity) 

0932  Remote  f\/laintenance  Monitoring — An  automated  system  gives  new  life 
to  an  aging  network  of  computers. 


Software 

0933  Collection  of  Software  for  Computer  Graphics — ARCGRAPH  provides 
assistance  in  the  generation,  manipulation,  and  display  or  graphical 
data. 

0934  Least-Squares  Curve-Fitting  Program — The  user  can  specify  the  error  of 
fit  or  the  degree  of  the  fitting  polynomial. 


Other  Items  of  Interest 

1 01 0     Human  Factors  in  the  Design  of  Video  Displays — Good  designs  will  take 
account  of  perceptual  tendencies  and  conceptual  biases  in  observers 


f 


I 


r 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 


Security  for  Open  Networks 


!n  addition  to  their  many  advantages,  computer  networks  have  opened  up  new  opportunities  for  mischief  and  crime. 
Through  the  National  Security  Agency's  (NSA)  Secure  Data  Network  System  (SDNS)  project.,  NIST  is  working  with 
NSA  and  private  industry  to  help  make  networks  secure  as  well  as  "open."  Their  goal  is  to  develop  a  framework  ol 
computer  security  standards  that  manufacturers  can  use  in  network  products  incorporating  Open  Systems 
Interconnection  protocols.  NIST  has  compiled  10  documents  from  phase  one  of  the  SDNS  project  into  three 
publications,  which  include  specifications  for  controlling  access  to  the  network,  security  protocols  for  protecting  data  in 
networks,  and  procedures  for  managing  the  keys  needed  to  encrypt  and  decrypt  information.  NIST  would  like  potential 
u.scrs  and  vendors  of  security  products  to  comment  on  these  three  documents:  Secure  Data  Network  System  (SDNS) 
Network,  Transport,  and  Message  Security  Protocols  (NISTIR  90-4250);  Secure  Data  Network  System  (SDNS)  Access 
Control  Documents  (NISTIR  90-4259);  and  Secure  Data  Network  System  (SDNS)  Key  Management  Documents 
(NISTIR  90-4262). 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA  22161 ;  (703)487- 
46(X). 

NTIS  order  numbers:  PB90198946NAC,  PB90I88061NAC,  PB90188079NAC 

Price  codes:  A05,  A08,  A05 

(respectively) 
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Enhanced  Data-Acquisition  System 

The  time-consuming,  costly  digitization  of  analog  signals  on  magnetic  tape  would  be  eliminated. 


A  proposed  data-acquisition  systenn 
would  provide  nearly  innmediate  access  to 
data  in  inconning  signals  by  digitizing  them 
and  recording  them  both  on  magnetic  tape 
and  on  an  optical  disk.  The  system  is  in- 
tended to  replace  the  Space  Shuttle  data- 
acquisition  system,  in  which  signals  are 
recorded  on  magnetic  tape  in  analog  form 
for  subsequent  digitization  and  analysis  via 
a  time-consuming  and  expensive  process. 
The  concept  of  the  system  is  not  limited  to 
the  Space  Shuttle,  however,  and  may  be  of 
interest  in  industrial  and  scientific  applica- 
tions in  which  it  is  necessary  to  digitize, 
store,  and/or  process  large  quantities  of 
experimental  data. 

The  system  would  include  a  commer- 
cial portable  data-acquisition  subsystem 
that  accepts  signals  from  as  many  as  128 
channels  (see  figure).  The  incoming  sig- 
nals would  be  digitized  with  a  resolution  of 
12  or  16  bits  at  as  many  as  four  simultane- 
ously and  independently  selectable  sam- 
pling rates,  with  an  overall  rate  of  250, OCX) 
samples  per  second.  A  filter  between  the 
inputs  and  the  analog-to-digital  converter 
would  reduce  noise  and  prevent  aliasing. 
As  each  input  channel  is  sampled,  the  au- 
to-balance value  of  that  channel  would  be 


injected  into  its  signal  prior  to  digitization, 
thus  providing  exceptional  accuracy  in  all 
readings. 

The  system  would  include  IEEE488  and 
RS-232-C  interfaces,  enabling  it  to  operate 
with  almost  any  host  central  processing 
unit.  The  system  could  run  continuously  or 
be  triggered  by  selected  input  pulses;  for 
example,  signals  that  turn  engines  on. 
Some  other  notable  features  of  the  system 
would  include  internal  or  external  syn- 
chronization, front-panel  keyboard  and 
display  redundant  battery  power  to  protect 
the  clock  and  calendar  functions,  direct 
connection  to  low-level  transducers,  oper- 
ation as  either  an  autonomous  unit  or  as 
part  of  a  larger  system,  automatic  restart 
after  failure  of  power,  and  shock/vibration 
mounting. 

Digitized  data  would  be  stored  tem- 
porarily in  a  main  (buffer)  memory  of  2  to  16 
megabytes,  then  transferred  to  the  digital 
tape  and/or  optical  disk,  each  of  which 
could  hold  up  to  2  gigabytes.  The  data  thus 
recorded  could  be  read  out  in  digital  or 
analog  form  for  subsequent  processing. 

This  work  was  done  by  Roy  W.  Mustain 
of  Rockwell  International  Corp.  for  John- 
son Space  Center.  MSC-21598/TN 
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The  Enhanced  Data-Acquisition  System 

would  digitize  up  to  128  analog  incoming 
signals  and  record  them  on  magnetic  tape 
and/or  an  optical  disk.  The  tape  and/or  disk 
could  later  be  played  back  to  reconstruct 
the  signals  in  analog  or  digital  form  for 
analysis. 


t 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Parallel  Architecture  for  Robotics  Computation 

The  system  is  a  reconfigurable  algorithmically  specialized 
architecture  with  both  MIMD  and  SIMD  capabilities. 


The  Universal  Real-Time  Robotic  Con- 
troller and  Simulator  (URRCS)  is  a  highly 
parallel  computing  architecture  for  tine 
control  and  simulation  of  robot  motion. 
URRCS  is  \he  result  of  an  extensive  algo- 
rithmic study  of  the  different  kinematic  and 
dynamic  computational  problems  arising 
in  the  control  and  simulation  of  robot  mo- 
tion. This  study  has  led  to  the  development 
of  a  class  of  efficient  parallel  algorithms  for 
these  problems.  URRCS  represents  an  al- 
gorithmically specialized  architecture,  in 
the  sense  that  it  is  capable  of  exploiting  the 
common  properties  of  this  class  of  parallel 
algorithms. 

Previous  proposals  for  parallel  computa- 
tbn  of  the  kinematic  and  dynamic  problems 
have  been  based  on  rather  conventional 
parallel  architectures;  i.e.,  either  Multiple- 
Instruction/Multiple  Data  (MIMD)or  Single- 
Instruction/IVIultiple-Data  (SIMD).  The 
drawback  of  these  proposals  is  that  they 
either  require  rather  complex  architec- 
tures (as  in  most  SIIVID  proposals)  or  are 
capable  of  exploiting  only  one  type  of 
parallelism  (mostly  coarse  grain  paral- 
lelism as  in  MIMD  proposals),  which  is  not 
the  most  significant  parallelism  and  leads 
to  the  inefficiency  in  the  computation.  In 
order  to  exploit  different  types  of  paral- 
lelism at  different  computational  levels  effi- 
ciently, URRCS  is  designed  with  the 
capability  of  both  MIMD  and  SIMD  types  of 
parallel  processing.  In  this  sense,  it  is  a 
reconfigurable  parallel  architecture  that, 
depending  on  the  algorithmic  require- 
ments, can  perform  the  computation  as  an 
MIMD/SIMD  or  SIMD/SIMD  architecture. 
Another  possible  configuration  of  the 
URRCS  is  MIMD/SIMD/SIMD.  This  is  par- 
ticularly suitable  for  inverse  dynamics 
computation,  which  allows  the  exploitation 
of  parallelism  at  three  computational 
levels. 

For  the  purpose  of  interfacing  to  the  out- 
side world,  URRCS  is  an  attached  proces- 
sor that  can  be  interfaced  to  the  bus  of  an 
external  host  as  part  of  the  bus  memory 
(see  figure).  It  includes  n  SIMD  processors 
called  "cells"  and  an  internal  host  proc- 
essor, which  acts  as  an  interface  with  the 


external  host,  controls  the  activities  of  the 
cells,  and  performs  the  input/output  opera- 
tions. Each  cell  is  capable  of  exploiting  fine 
grain  parallelism.  Specifically  each  cell 
can  perform  two  matrix-vector  operations 
in  parallel  while  fully  exploiting  parallelism 
in  each  operation.  The  cells'  architecture  is 
optimized  for  the  size  of  matrices  and  vec- 
tors involved  in  the  computation.  However 


due  to  the  architectural  flexibility,  paral- 
lelism can  also  be  efficiently  exploited  in 
operations  with  matrices  and  vectors  of 
larger  size  or  in  purely  scalar  operations. 
The  cells  are  interconnected  through  a 
ring  structure,  which  enables  a  rapid  com- 
munication between  adjacent  cells  as  well 
as  the  reliable  distribution  of  the  global 
clock  signal  among  the  cells.  The  perfect- 
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The  URRCS  can  be  regarded  as  a  processor  that  is  attached  to  the  bus  of  an  external  ho: 
processor,  as  part  of  the  bus  memory. 
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shuffle  topology,  which  is  required  for 
parallel  computation  of  some  kinematic 
and  dynamic  problems,  and  global  broad- 
casting can  be  provided  by  synchronized 
message  passing.  The  fast  and  synchron- 
ous communication  among  the  cells  re- 
duces the  overhead  caused  by  message 
passing.  The  basic  synchronization  mech- 
anism of  the  architecture  is  data-driven, 
which,  similar  to  the  wave  front  array  proc- 
essors, provides  local  synchronization 
among  the  cells.  However,  because  all  the 
cells  are  driven  with  the  same  global  clock 
and  because  of  the  regularity  of  the  com- 
putations, global  clock-based  synchroniza- 
tion similar  to  the  systolic  arrays  can  also 
be  used. 

The  internal  host  controls  the  activities 
of  the  system  by  interpreting  the  instruc- 
tions sent  by  the  external  host.  The  instruc- 
tions are  decomposed  into  a  series  of  com- 
putations to  be  performed  by  the  cells.  For 
the  internal  host,  the  cells  are  considered 
as  memory  units  that  are  connected  to  its 
memory  bus  and  can  be  accessed  ran- 


domly Depending  on  the  required  compu- 
tation, the  internal  host  distributes  the  data 
among  the  cells  and  initiates  their  activities 
by  procedure  calls.  The  activities  of  the 
cells  are  then  carried  out  independently 
from  the  internal  host.  The  end  of  the  com- 
putation is  indicated  by  the  cells  to  the  in- 
ternal host,  which  then  transforms  the  re- 
sults to  the  external  host. 

URRCS  represents  a  successful  ap- 
proach to  the  design  of  algorithmically 
specialized  parallel  architectures  in  which 
the  algorithmic  study  has  resulted  in  the 
practical  implementation  of  a  low-cost  and 
high-performance  architecture  for  a  class 
of  problems.  For  a  six-degree-of-freedom 
general  robot  manipulator  (with  no  op- 
timization), the  computation  time  of  the  in- 
verse dynamics  problem,  using  the  New- 
ton-Euler  formulation,  has  been  measured 
as  187  fis,  and  that  of  the  forward  kinema- 
tics plus  Jacobian  as  75  /us. 

This  work  was  done  by  Amir  Fijany  and 
Antal  K.  Bejczy  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 


This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  NASA's  Resident  Office-JPL. 
Refer  to  NPO-17629/TN. 
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(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
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Remote  Maintenance  Monitoring 

An  automated  system  gives  new  life  to  an  aging  network  of  computers. 


A  remote  maintenance  monitoring  sys- 
tem is  being  developed  to  diagnose  prob- 
lems in  a  large  distributed  computer  net- 
work. The  network  consists  of  data  links, 
displays,  controls,  software,  and  more  than 
200  computers.  The  computers,  the  aver- 
age age  of  which  is  more  than  10  years, 
have  no  built-in  self-testing  ability.  The  mon- 
itoring system  uses  sensors  to  collect  data 
on  failures  and  an  expert  system  to  ex- 
amine the  data,  diagnose  the  causes  of 
failures,  and  recommend  cures. 

The  monitoring  system  was  designed  to 
be  retrofitted  into  the  launch  processing 
system  at  Kennedy  Space  Center,  which 
will  not  be  replaced  for  several  years.  In  the 
interim,  the  system  will  reduce  downtime 
and  lower  the  workload  and  expense  of 
maintenance.  It  will  also  make  the  network 
less  dependent  on  human  expertise,  v\/hich 
is  becoming  increasingly  scarce. 

The  system  is  based  on  integrated  di- 
agnostics, a  systems  engineering  ap- 
proach in  which  all  elements  that  affect 
maintenance  are  combined.  These  ele- 


ments include  built-in  testing,  maintenance 
aids,  management  tools,  training,  artificial 
intelligence,  logistics  support,  data  bases, 
and  automatic  test  equipment.  Ideally  in- 
tegrated diagnostics  should  be  included  in 
the  design  of  a  network.  Retrofitting  inte- 
grated diagnostics  into  an  existing  network 
should  nevertheless  improve  maintenance 
significantly 

Hardware  monitors  are  implanted  in  the 
computers  of  the  network.  The  monitors 
capture  memory-dump  data,  back-trace 
instructions  and  addresses  from  the  cen- 
tral processing  unit,  monitor  regulated  volt- 
ages, and  record  a  variety  of  signals.  In  ef- 
fect, the  monitors  integrate  and  automate 
the  data-collection  activities  of  mainten- 
ance personnel. 

A  UNIX-based  workstation  is  used  as  a 
data  manager  All  of  the  data  captured  by 
the  hardware  monitors  is  transfered  to  and 
cataloged  by  the  data  manager  The  infor- 
mation is  then  provided  10  various  applica- 
tions for  display  and  analysis.  A  real-time 
coprocessor  within  the  data  manager  moni- 


tors system  message  traffic  and  captures 
all  relevant  information  The  message  data 
allows  a  configuration  status  of  the  system 
to  be  maintained. 

An  expert  system  uses  the  monitor  data 
to  create  probable  failure  scenarios  and  to 
determine  the  most  likety  cause  of  such 
things  as  memory  parity  errors  and  pow- 
er-supply anomalies.  The  expert  system 
employs  knowledge  acquired  from  main- 
tenance personnel;  the  knowledge  base 
explicitly  defines  the  reasoning  process 
used  in  diagnosis.  Because  maintenance 
personnel  apply  a  mixture  of  heuristics  and 
causal  modeling  to  diagnose  failures,  the 
expert  system  is  both  rule-based  and 
model-based. 

This  work  was  done  by  Richard  C. 
Owens  and  Lorenz  Simkins  of  Kennedy 
Space  Center  and  Donn  Rochette  of 
Grumman  Technical  Services. 
KSC-11398/TN 
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Collection  of  Software 
for  Computer  Graphics 

ARCGRAPH  provides 
assistance  in  tine  generation, 
manipulation,  and  display 
of  graphical  data. 

Ames  Research  Graphics  System  (ARC- 
GRAPH)  is  a  collection  of  software  libraries 
and  software  utilities  that  assist  research- 
ers in  generating,  manipulating,  and  visual- 
izing graphical  data.  In  addition,  ARCGRAPH 
defines  a  metafile  format  that  contains 
device-independent  graphical  data.  This 
file  format  is  used  with  various  computer- 
graphics-manipulation  and  -animation  soft- 
ware packages  at  Ames,  including  SURF 
(COSMIC  Program  ARC-12381)  and  GAS 
(COSf\^IC  Program  ARC-12379). 

In  its  full  configuration,  the  ARCGRAPH 
Software  System  consists  of  a  two-stage 
"pipeline"  that  can  be  used  to  put  out 
graphical  primitives.  Stage  one  is  associ- 
ated with  the  graphical  primitives  (i.e., 
moves,  draws,  color,  and  the  like)  along 
with  the  creation  and  manipulation  of  the 
metafiles.  Five  distinct  data  filters  make 
up  stage  one.  They  are  as  follows:  (1)  PLO, 
which  handles  all  two-dimensional  vector 
primitives,  (2)  POL,  which  handles  all  three- 
dimensional  polygonal  primitives,  (3)  RAS, 
which  handles  all  two-dimensional  raster 
primitives,  (4)  VEC,  which  handles  all  three- 
dimensional  raster  primitives,  and  (5)  P02, 


which  handles  all  two-dimensional  poly- 
gonal primitives. 

Stage  two  is  associated  with  the  proc- 
ess of  displaying  graphical  primitives  on 
a  device.  To  generate  the  various  graphical 
primitives,  create  and  reprocess  ARC- 
GRAPH  metafiles,  and  obtain  access  to 
the  device  drivers  in  the  VDI  (Virtual  De- 
vice Interface)  software  library,  users  link 
their  application  programs  to  GRAFIX  li- 
brary routines  in  ARCGRAPH.  Both  FOR- 
TRAN- and  C-language  versions  of  the 
GRAFIX  and  VDI  libraries  exist  for  en- 
hanced portability  within  these  respective 
programming  environments. 

The  ARCGRAPH  libraries  were  devel- 
oped on  a  VAX  computer  running  VMS. 
Minor  documented  modification  of  various 
routines,  however,  enables  the  system  to 
run  on  the  following  computers:  Cray  X- 
MP  running  COS  (no  C  version),  Cray  2 
running  UNICOS,  DEC  VAX  running  BSD 
4.3  UNIX  or  Ultrix,  SGI  IRIS  Turbo  running 
GL2-W3.5  and  GL2-W3.6,  Convex  01  run- 
ning UNIX,  Amhdahl  5840  running  UTS, 
Alliant  FX8  running  UNIX,  Sun  3/160  run- 
ning UNIX  (no  native  device  driver),  Stellar 


GSIOOO  running  Stellex  (no  native  device 
driver),  and  an  SGI  IRIS  4D  running  IRIX 
(no  native  device  driver).  Currently  with  ver- 
sion 70  of  ARCGRAPH,  the  VDI  library  sup- 
ports the  following  output  devices:  VT100 
terminal  with  RETRO-GRAPHICS  board  in- 
stalled, VT240  using  the  Tektronix  4010 
emulation  capability  SGI  IRIS  Turbo  using 
the  native  GL2  library,  Tektronix  4010, 
Tektronix  4105,  and  Tektronix  4014.  ARC- 
GRAPH  can  be  purchased  separately  or 
in  a  package  (COSMIC  Program  COS- 
10020)  containing  GAS,  ARCGRAPH,  and 
SURF  ARCGRAPH  version  70  was  devel- 
oped in  1988. 

This  program  was  written  by  Eric  A. 
Hibbard  of  Ames  Research  Center  and 
George  Makatura  of  Sterling  Software. 
ARC-12350/TN 

FOR  ADDITIONAL  INFORMATION 
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Least-Squares  Curve- 
Fitting  Program 

The  user  can  specify  the 
error  of  fit  or  the  degree 
of  the  fitting  polynomial. 

The  Least  Squares  Curve  Fitting  pro- 
gram, AKLSQF,  easily  and  efficiently  com- 
putes the  polynomial  that  provides  the 
least-squares  best  fit  to  uniformly  spaced 
data.  The  program  enables  the  user  to 
specify  the  tolerable  least-squares  error  in 
the  fit  or  the  degree  of  the  polynomial.  In 
both  cases,  AKLSQF  returns  the  polyno- 
mial and  the  actual  least-squares-fit  error 
incurred  in  the  operation.  The  data  can  be 
supplied  to  the  routine  either  by  direct 
keyboard  entry  or  via  a  file. 

AKLSQF  produces  the  least-squares  pol- 
ynomial in  two  steps.  First,  the  data  points 
are  least-squares  fitted  by  use  of  the  or- 
thogonal factorial  polynomials.  The  result 
is  then  reduced  to  a  regular  polynomial  by 


use  of  Sterling  numbers  of  the  first  kind.  If 
an  error  tolerance  is  specified,  the  pro- 
gram starts  with  a  polynomial  of  degree  1 
and  computes  the  least-squares-fit  error 
The  degree  of  the  polynomial  used  for  fit- 
ting is  then  increased  successively  until  the 
error  criterion  specified  by  the  user  is  met. 
At  every  step,  the  polynomial  as  well  as  the 
least-squares-fit  error  is  printed  to  the 
screen. 

In  general,  the  program  can  produce  a 
curve  fitting  up  to  a  100-degree  polynomial. 
All  computations  in  the  program  are  car- 
ried out  under  double-precision  format  for 
real  numbers  and  under  long-integer  for- 
mat for  integers  to  provide  the  maximum 
accuracy  possible. 


AKLSQF  was  written  for  an  IBM  PC  X/AT 
or  compatible  using  Microsoft's  Quick 
Basic  compiler  It  has  been  implemented 
under  DOS  3,2.1  using  23K of  RAM.  AKLSQF 
was  developed  in  1989. 

This  program  was  written  by  Anil  V. 
Kantak  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory 
NPO-17819/TN 

FOR  ADDITIONAL  INFORMATION 
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112  Barrow  Hall 
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0935  Analog  Delta-Back-Propagation  Neural-Network  Circuitry — Changes  in 
synapse  weights  due  to  circuit  drifts  would  be  suppressed.  (Licensing 
Opportunity) 

0936  Control  Circuit  for  Two  Stepping  Motors — Single  or  repeated  steps  are 
selectable. 

0937  Digital  Controller  for  Ennergency  Beacon — Identification  codes  would 
guide  rescuers  in  the  appropriate  types  of  responses.  (Licensing 
Opportunity) 

0938  Integrated  Electro-optical  Laser-Beam  Scanners — Scanners  using  solid- 
state  devices  would  be  connpact,  consume  little  power,  and  have  no 
moving  parts.  (Licensing  Opportunity) 

0939  Iridium  Film  for  Charge-Coupled  Device — Usability  is  extended  to 
different  environments. 

0940  Layered  Internal-Photoemission  Sensor — fHigh  quantum  efficiency 
would  be  achieved  without  multiple  layer  contacts. 

0941  Nitric  Oxide  Enhances  Charge-Coupled  Device — The  illuminated  back 
surface  is  treated  to  raise  the  quantum  efficiency. 

0942  Optical  Detection  of  Deformations  of  an  Antenna — Aim  would  be 
corrected  in  response  to  changes  in  shape. 

0943  Optoeletronic  Integrated  Circuits  for  Neural  Networks— Many  threshold 
devices  would  be  placed  on  a  single  substrate. 

0944  Pipeline  Time-and  Transform-Domain  Reed-Solomon  Decoders — A 
modified  algorithm  simplifies  the  designs. 

0945  Sampling  Downconverter  for  Radio-Frequency  Signals — Phase  and 
delay  errors  would  be  reduced  greatly.  (Licensing  Opportunity) 

0946  Phase-Compensating  System  for  Fiber-Optic  Holography — Phase  steps 
can  be  held  to  a  precision  of  0.02  (0). 

0947  Silicide  Schottky  Barrier  for  Back-Surface-llluminated  CCD— A  less 
catalytic,  less  reactive  film  would  still  maintain  high  quantum  efficiency. 

0948  Simplified  Correlator  for  Ranging  Codes — The  received  signal  is 
processed  with  fewer  arithmetical  operations. 

Software 

0949  Program  for  Engineering  Electrical  Connections — Harmony  of  system 
and  cabling  engineering  designs  is  assured. 

Testing  &  Instrumentation 

0950  Sensor-rich  Test  Chip  Monitors  Packaging  of  Semiconductors 

0951  High-Voltage  DC  Microammeter 

0952  Metal-Core  Transformers  Evaluated 

0953  Improved  Testing  for  EM  Susceptibility 

0954  Near-Field  Gain  of  Pyramidal  Horns 

0955  Optically-Tuned  Far-Infrared  Device — The  spacing  of  a  visible 
interference  pattern  determines  the  frequency  of  infrared  radiation. 

Other  Items  of  Interest 

0958     Improved  Thermal-Switch  Disks  Protect  Batteries— Insulating  washers 
hold  disks  in  place  to  prevent  additional  short  circuits.  (Licensing 
Opportunity) 

1 024     Frequency-Domain  Signal  Processor  for  Laser  Velocimeter— The 
dynamic  range  and  accuracy  are  increased.  (Licensing  Opportunity) 
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Analog  Delta-Back-Propagation  Neural-Network  Circuitry 

Changes  in  synapse  weights  due  to  circuit  drifts  would  be  suppressed. 


A  proposed  fully  parallel  analog  version 
of  an  electronic  neural-network  processor 
would  be  based  on  the  delta-back-propaga- 
tbn  algorithm.  The  processor  would  be  able 
to  "learn"  when  provided  with  suitable  com- 
binations of  inputs  and  enforced  outputs.  It 
woukj  include  programnnable  resistive  mem- 
ory elements  (corresponding  to  synapses), 
the  conductances  (synapse  weights)  of 
which  could  be  adjusted  during  learning.  It 
would  also  include  buffer  amplifiers,  sum- 
ming circuits,  and  sample-and+iold  circuits 
arranged  in  layers  of  electronic  neurons  in 
accordance  with  the  delta-back-propaga- 
tion algorithm.  The  algorithm  would  be 
modified  to  suppress  unintended  changes 
in  synapse  weights  caused  by  circuit  drifts. 

In  the  analog  neural  network  of  Figure  1, 
the  neurons  are  represented  by  summers 
and  threshold-function  {f)  circuits  con- 
nected in  series.  The  degree  to  which  a 
given  "neuron"  is  activated  depends  on 
the  activation  of  the  neurons  in  the  preced- 
ing layer  and  on  the  conductances  of  the 
"synapses"  leading  to  the  neuron. 

A  major  consideration  in  the  design  of 
neural  networks  is  how  to  adjust  the  synap- 
tic weights.  In  the  delta-back-propagation 
scheme,  the  weights  are  adjusted  (that  is, 
the  network  is  trained)  by  example.  For  the 
task  at  hand,  the  network  is  repeatedly 
trained  by  applying  representative  input 
values  and  simultaneously  applying  the 
desired  outputs  to  the  network.  A  back- 
propagation  system  is  then  used  to  modify 
the  weights  so  that  the  target  output  is 
more  likely  to  occur  given  the  applied  input. 
Because  the  weights  cannot  be  changed 
greatly  during  a  back-propagation  pass 
(othenwise  previously  stored  information 
may  be  corrupted),  many  thousands  or  mil- 
lions of  tDack-propagation  training  passes 
may  be  necessary  to  train  such  a  network 
fully 

The  design  and  use  of  back-propagation 
circuitry  is  quite  complicated.  In  one  imple- 
mentation, the  back  propagation  is  serially 
performed  one  layer  at  a  time.  In  the  exam- 
ple of  Figure  2,  the  final  synaptic  layer  of 
the  circuit  of  Figure  1  is  adjusted  first.  As- 
suming that  feedforward  has  been  per- 
formed on  one  element  of  a  training  set, 
the  difference  between  the  actual  output 
and  the  desired  target  value  is  calculated. 
This  difference  is  an  error  signal,  which  is 
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Figure  1  This  Electronic  Neural  Network 

includes  three  synaptic  layers.  In  general, 
the  number  of  layers,  the  number  of 
neurons  in  each  layer,  and  the  weigtits  of 
the  synapses  are  selected  according  to 
the  task  that  the  network  is  to  carry  out. 


Figure  2  Delta-Back-Propagation  Cir- 
cuitry is  incorporated  into  the  network  of 
Figure  1  to  adjust  the  weights  (conduc- 
tances W,  through  W...)  of  the  synapses 
in  the  output  layer.  Similiar  but  more  com- 
plicated circuitry  is  required  to  propagate 
the  adjustments  to  the  hidden  and  input 
layers. 
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multiplied  by  the  feedforward  activation 
weighted  by  the  derivative  g'  of  the  output- 
activation  function  g.  For  each  weight  that 
is  connected  to  that  output  neuron,  the  er- 
ror signal  is  multiplied  by  the  output  of  the 
previous  layer  neuron,  and  the  resultant 
product  is  used  to  adjust  the  weight  by  a 
small  increment.  The  adjustment  of  weights 
in  the  preceding  synaptic  layers  involves 
the  back  propagation  of  error  signals 
through  the  layers  in  a  recursive  manner 
and  requires  storage  of  error  signals  in 
sample-and-hold  converters. 


This  work  was  done  by  Silvio  Eberhart 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  NASA's  Resident  Office-JPL 
Refer  to  NPO-17564/TN. 
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Control  Circuit  for  Two  Stepping  Motors 

Single  or  repeated  steps  are  selectable. 


A  control  circuit  operates  two  indepen- 
dent stepping  motors,  one  at  a  tinne.  The 
circuit  provides  the  following  operating 
features: 
•  After  a  selected  motor  has  been  stepped 


to  its  chosen  position,  its  power  can  be 
turned  off  to  reduce  dissipation. 
•  The  control  circuit  includes  two  up/down 
counters  that  remember  at  which  one  of 
eight  steps  (each  motor  steps  in  45°  in- 


crements) each  motor  has  t)een  set.  For 
the  selected  motor  this  step  is  indicated 
by  the  illumination  of  one  of  eight  light- 
emitting  diodes  (LED's)  in  a  ring,  (The 
number  of  revolutions  of  each  motor  must 


p,,         Direction 

of  Rotation 
j,^^^,,-^  ol  Motof 


The  Control  Circuit  operates  two  Independent  stepping  motors,  one  at  a  time. 
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be  recorded  separately  to  obtain  a  com- 
plete indication  of  position.) 

•  The  selected  motor  can  be  advanced  one 
step  at  a  time  or  repeatedly  (auto-stepping) 
at  a  rate  that  can  be  controlled. 

•  The  motor  current  —  30  mA  at  90°  posi- 
tions, 60  mA  at  45°  positions  —  is  indicat- 
ed by  the  high  or  low  intensity  of  an  LED 
that  serves  as  a  motor-current  nnonitor. 

•  A  power-on  reset  feature  provides  trouble- 
free  starts. 

•  To  maintain  synchronism  between  the  con- 
trol circuit  and  the  nx)tors,  the  stepping  of 
the  counters  is  inhibited  when  the  motor 
power  is  turned  off. 

The  up/down  counters  are  CD4516  in- 
tegrated circuits,  indicated  in  the  figure  as 
U4  and  U8.  The  three  bits  of  lowest  order  of 
the  counter  selected  by  motor-selector 
switch  SW4A  are  gated  through  U5  (a 
CD4019  and/or-selecting  circuit)  to  the  in- 
puts of  U6,  a  CD4028  binary-to-decimal  de- 
coder The  decoder  interprets  the  output  of 
the  selected  counter  to  cause  only  one  of 
its  eight  connected  output  lines  to  be  high. 

The  eight  outputs  of  the  decoder  are 
connected  through  CD4049  inverter  buf- 
fers to  the  eight  LED's  that  indicate  the  ro- 
tational-step position  of  the  counter  and  the 
corresponding  motor.  The  same  eight  out- 


puts are  also  connected  through  four 
CD4075  OR  gates  and  four  2N2222  cur- 
rent-driver transistors,  in  such  a  manner 
that  when  each  of  the  eight  outputs  is  high, 
it  provides  a  current  sink  to  one  motor  wind- 
ing (90°  positions)  or  two  motor  windings 
(45°  positions). 

The  current  for  the  motor  windings  is 
provided  through  the  power  switch,  SW1B, 
the  motor-current-indicating  LED,  the  mo- 
tor-selector switch,  SW4B,  and  the  one  or 
two  motor  windings  selected  by  the  count 
in  the  counter  and  the  position  of  the  motor- 
selector  switch.  Eight  diodes  are  used  to 
provide  isolation  between  the  two  motors. 

Clock  pulses  are  applied  to  both  count- 
ers U4  and  U5,  but  only  the  counter  select- 
ed by  switch  SW4A  is  enabled  to  count. 
This  same  switch,  acting  through  CD4049 
inverters  U2B  and  U2C,  enables  the  out- 
puts of  only  that  counter  to  be  gated 
through  U5.  Tlie  three-input  CD4075  OR 
gate  U3B  with  output  pin  6,  and  inverter 
U2D  with  output  pin  10,  were  incorporated 
to  prevent  decoder  U6  from  interpreting  its 
inputs  as  a  zero  during  the  transition  time 
when  switch  SW4A  is  operated.  This  is  ac- 
complished by  applying  a  high  level  to  input 
pin  11  of  U6  during  the  transition  time,  there- 
by forcing  the  decoder  to  put  out  an  eight. 


which  is  not  used.  i 

The  source  of  the  clock  pulses  for  the  " 
two  counters  is  either  the  single-step  push- 
button, SW2,  circuit,  if  single-step  mode 
has  been  selected,  or  else  the  auto-step- 
ping circuit,  if  it  has  been  selected  by 
switch  SW3.  In  the  single-step  nnode,  the 
maximum  width  of  the  clock  pulse  is  deter- 
mined by  the  duration  of  closure  of  SW2. 
The  minimum  duration  is  determined  by 
the  values  of  the  resistor  and  capacitor 
connected  to  SW2. 

To  prevent  unintentional  auto-stepping 
of  the  motors  in  the  auto-stepping  mode, 
the  circuit  has  been  configured  to  require 
depressing  switch  SW2  in  addition  to  se- 
lecting the  auto-stepping  mode  with  switch 
SW4.  The  repetition  rate  of  the  auto-step- 
ping is  determined  by  the  fixed  reistors, 
capacitor,  potentiometer,  and  length  of  the 
divider  chain  selected. 

The  clock  pulses  from  either  circuit  are 
inhibited  when  the  motor-power  switch, 
SW1,  is  off.  This  prevents  advancement  of 
the  counters  when  the  motors  are  not  able 
to  track  them. 

This  work  was  done  by  Roger  Ratliff, 
Kenneth  Rehmann,  and  Charles  Backus  of 
Goddard  Space  Flight  Center. 
GSC-13202/TN  i 
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Digital  Controller  for  Emergency  Beacon 

Identification  codes  would  guide  rescuers  in  the  appropriate  types  of  responses. 


A  prototype  digital  controller  is  intended 
for  use  in  a  406-MHz  emergency  beacon, 
Now  undergoing  development  according 
to  international  specifications,  the  406- 
MHz  emergency  beacon  system  will  in- 
clude satellites  that  will  provide  worldwide 
monitoring  of  beacons,  with  Doppler  track- 
ing to  locate  each  beacon  within  5  km. 

The  digital  controller  turns  the  beacon 
on  and  off  and  generates  binary  codes  that 
identify  the  source  (e.g.,  ship,  aircraft,  per- 
son, or  vehicle  on  land).  The  codes  are 
transmitted  by  phase  modulation.  Knowing 
the  code,  a  monitor  can  attempt  to  com- 
municate with  the  user  of  the  beacon  to 
verify  the  emergency  If  unable  to  com- 
municate with  the  user,  the  monitor  can  at 
least  use  the  code  information  to  dispatch 
a  rescue  team  appropriate  to  the  type  and 
location  of  the  carrier. 

In  addition  to  the  international  specifica- 
tions for  frequency  code,  and  modulation, 
the  beacon  has  to  satisfy  such  practical  re- 
quirements as  relatively  low  cost,  a  small 
number  of  parts,  and  low  power  (because 
power  is  to  be  supplied  by  a  battery).  These 
requirements  are  met  by  a  design  that  in- 
corporates three  integrated-circuit  chips: 
an  80C51  microcontroller,  a  256x4  pro- 
grammable read-only  memory  (PROM), 
and  a  1K  X  4  PROM  (see  figure). 

The  80051  microcontroller  includes  4K 
of  onboard  PROM,  128  bytes  of  onboard 
random-access-memory  (RAM),  two  inter- 
nal timers,  and  a  transmitting-and-receiving 
port  for  asynchronous  communications. 
The  PROM  and  RAM  hold  the  software. 
One  timer  is  used  to  generate  the  trans- 
mission bit  rate  while  the  other  timer 
generates  the  asynchronous-communica- 
tion baud  rate.  The  80C51  provides  the 
signals  for  reading  the  two  PROM's  exter- 
nal to  itself.  It  also  provides  up  to  24  in- 
put/output ports  and  2  ports  for  interruption 
by  external  sources. 

The  256  X  4  PROM  stores  such  beacon- 
specific  data  as  the  identification  of  the 
user  and  the  country  of  origin.  The  1 K  x  4 
PROM  encodes  the  switch  settings  that 
specify  the  emergency  code. 

To  eliminate  the  need  for  extra  inte- 
grated circuits  that  would  otherwise  be 
needed  to  multiplex  the  "PROM  enable" 
signal,  the  design  includes  an  unusual  ad- 
dressing scheme:  Both  PROM's  are  al- 
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The  Digital  Controlier  makes  the  emergency  beacon  a  versatile  piece  of  equipment  that  can 
be  programmed  to  transmit  such  useful  information  as  the  user's  identity,  the  location,  and 
the  type  ot  emergency 


ways  read  together.  Each  PROM  includes 
a  4-bit-wide  data  bus.  Two  PROM's  are  put 
in  parallel  to  form  an  8-bit  data  bus  compati- 
ble with  the  80C51 .  The  addressing  system 
of  the  80C51  expects  the  lower  8  of  16  ad- 
dress bits  to  be  latched  during  each 
read/write  cycle  because  the  lower  8 
address  bits  and  the  data  bus  are  multi- 
plexed. To  eliminate  the  need  for  an  inte- 
grated circuit  for  latching,  the  beacon- 


specific-data  PfROM  IS  addressed  using  the 
upper  8  address  bits. 

The  mam  program  consists  of  an  inter- 
ruption-handling routine  and  tfie  following 
major  nxxJules:  initialization  of  ttie  central 
processing  unit,  R&232  communications, 
generation  of  messages,  Btphase-L  trans- 
mission, and  jitter  delay  (to  prevent  syrv 
chronization  of  separate  beacons).  The 
main  program  and  ttie  RS-232  comnnuni- 

937 


cation  module  are  written  in  a  high-level 
language.  Because  of  the  extremely  de- 
tailed manipulation  of  bytes  and  bits  in- 
volved in  the  remaining  modules,  they  are 
written  in  Assembly  language. 

This  work  was  done  by  William  D.  Ivan- 
cic  of  Lewis  Research  Center.  Further  in- 
formation may  be  found  in  NASA 
TM-100859  [N88-26566],  Price  Code:  A03 
"COSPAS/SARSAT  406-MHz  Emergency 
Beacon  Digital  Controller." 

Copies  may  be  purchased  from  the  Na- 


tional Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be  plac- 
ed for  an  extra  fee  by  calling  (800) 
336-4700. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  Lewis  Research  Center  Refer  to 
LEW-14857/TN. 


Lewis  Research  Center 

Technology  Utilization 
Officer:  Daniel  G.  Soltis 
Mail  Stop  7-3 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5567 
Patent  Counsel: 
Gene  E.  Shook 
Mail  Code  301-6 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5753 
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Integrated  Electro-optical  Laser-Beam  Scanners 

Scanners  using  solid-state  devices  would  be  compact, 
consume  little  power,  and  have  no  moving  parts. 


Integrated  all-solid-state  electro-optical 
laser-t)eam  scanners  have  been  proposed 
for  such  diverse  applications  as  noninnpact 
laser  printing,  color  imaging,  ranging,  bar- 
code reading,  and  robotic  vision.  Jhe  new 
scanners  would  be  more  compact,  weigh 
less,  and  consume  less  power  than  me- 
chanical laser-beam  scanners  do.  They 
would  also  be  more  reliable  because,  un- 
like mechanical  scanners,  they  would  con- 
tain no  moving  parts.  Moreover,  the  new 
scanners  would  offer  beam-deflection 
angles  larger  than  those  of  acousto-optic 
scanners. 

The  figure  illustrates,  partially  schemati- 
cally, a  scanner  of  the  new  type.  The  inte- 
grated electro-optical  components  would 
be  fabricated  on  a  substrate,  which  would 
preferably  be  made  of  silicon  or  of  gallium 
arsenide.  Ancillary  integrated  electronic 
circuits  for  processing  the  tjeam-scanning 
signals  could  also  be  fabricated  on  the 
substrate.  A  lower  electrode  consisting  of  a 
low-resistivity  heavily-doped  layer  and  a 
small  metal  contact  pad  would  be  formed 
on  top  of  the  substrate. 

A  waveguide  layer  would  be  deposited 
on  top  of  the  lower  electrode.  This  layer 
would  be  made  of  zinc  oxide  or  lithium 
niobate,  either  of  which  might  be  chosen 
because  it  exhibits  the  electro-optical  ef- 
fect and  has  an  index  of  refraction  greater 
than  that  of  the  substrate,  lower  electrode, 
and  any  cladding  material  that  is  to  be 
deposited  on  top  of  it.  Upper  electrodes  in 
the  form  of  gratings  tilted  at  45°  to  the  axis 
of  the  incoming  beam  would  be  deposited 
on  top  of  the  waveguide  layer.  An  optical 
fiber  would  transmit  the  light  from  the  laser 
to  the  scanner.  A  V-groove  in  the  substrate 
would  align  the  fiber  with  the  midplane  of 
the  waveguide  layer  and  along  the  axis.  A 
Luneberg  lens  integral  with  the  waveguide 
would  collimate  the  light  emerging  from 
the  fiber  and  direct  it  along  the  axis  toward 
the  grating  electrodes. 

The  application  of  a  suitable  voltage  to 
an  uppei  electrode  would  generate  a  dif- 
fraction grating  in  the  waveguide  layer  via 
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The  Integrated  Electro-optical  Laser  Scanner,  in  conjunction  with  the  external  lens,  would 
point  the  outgoing  beam  of  light  in  any  of  a  number  of  different  directions,  depending  on  the 
number  of  upper  electrodes. 


the  electro-optical  effect.  The  grating  spac- 
ing would  be  chosen  so  that  the  light  would 
be  diffracted  perpendicularly  from  the  axis 
of  the  device.  The  diffracted  light  would  be 
focused  by  a  cylindrical  lens  as  it  emerged 
Uom  the  side  of  the  device,  A  second,  ex- 
ternal cylindrical  lens  perpendicular  to  the 
first  one  would  point  the  output  along  a  di- 
rection that  would  depend  on  the  position 
of  the  diffracted  beam  and,  therefore,  on 
the  position  of  the  upper  electrode  that  is 
energized  at  the  moment.  Thus,  if  the  de- 
vice includes  many  upper  electrodes,  the 
beam  could  be  pointed  to  any  of  a  large 
number  of  angles  separated  by  small  in- 
crements, effectively  scanning  over  a  wide 
angular  range. 

This  work  was  done  tyy  W^/nen  T.  Boord  of 
APA  Optics.  Inc..  for  Johnson  Space 
Center, 

In  accordance  with  Public  Law  96-517. 
the  contractor  has  elected  to  retain  title  to 
this  Invention.  Inquiries  concerning  rights 
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Iridium  Film  for  Charge-Coupled  Device 

Usability  is  extended  to  different  environments. 


The  application  of  a  thin  f  iinn  of  iridium  to 
the  back  surface  of  a  back-surface-illumi- 
nated charge-coupled  device  is  expected 
to  increase  and  stabilize  the  quantum  effi- 
ciency of  the  device  at  wavelengths  less 
than  4,500  A.  Like  the  surface  layer  of  nitric 
oxide  described  in  the  preceding  article, 
the  iridium  film  would  enhance  the  quan- 
tum efficiency  according  to  the  principle 
discussed  in  "Metal  Film  Increases  CCD 
Output"  (NPO-16815),  NASA  Tech  Briefs, 
Vol.  13,  No.  4,  page  24. 

The  iridium  would  be  deposited  on  a 
layer  of  silicon  dioxide  30  A  thick  on  the 


back  surface  of  the  silicon  charge-coupled 
device.  Because  iridium  has  a  work  func- 
tion in  the  required  range,  this  structure 
should  constitute  a  metal/insulator/semi- 
conductor Schottky  barrier,  which  would 
repel  photogenerated  electrons  to  the  front 
surface,  thus  assuring  high  quantum  effi- 
ciency 

The  device  described  in  the  referenced 
article  is  similar,  except  that  its  film  is  gold, 
nickel,  or  platinum.  However,  the  platinum- 
coated  device  is  sensitive  to  hydrogen  un- 
less oxygen  is  present,  and  the  oxide  in  the 
platinum-coated  device  deteriorates  in  a 


dry  atmosphere.  The  new  iridium  film  does 
not  react  with  hydrogen,  so  that  the  device 
need  not  be  kept  in  oxygen:  This  is  an  ad- 
vantage where  the  high  absorption  of  ultra- 
violet light  by  oxygen  would  be  undesirable; 
for  example,  when  the  device  is  used  to 
make  astronomical  observations  from  high 
altitudes. 

This  work  was  done  by  Michael  H.  Hecht 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17327/TN 
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Layered  Internal-Photoemission  Sensor 

High  quantum  efficiency  would  be  achieved  without  multiple  layer  contacts. 


A  proposed  infrared  sensor  would  be 
based  on  photoemission  from  multiple 
layers  of  metal  silicide  sandwiched  be- 
tween layers  of  silicon.  TTie  sensor  would 
provide  high  quantum  efficiency  and  would 
be  suitable  for  use  in  focal-plane  arrays.  A 
similar  stacked-Schottky-barrier,  mutiple- 
silicide/silicon-layer  infrared  sensor  pro- 
posed earlier  involved  electrical  contacts 
to  all  of  the  silicon  and  silicide  layers.  The 
new  sensor  would  be  easier  to  make  be- 
cause its  internal  layers  would  be  allowed 
to  "float"  electrically  contact  being  made 
with  only  the  two  outer  semiconductor 
layers. 

Ttie  device  would  have  a  configuration 
partly  reminiscent  of  that  of  a  positive/in- 
trinsic/negative diode,  except  that  the  mid- 
dle layer  of  intrinsic  silicon  would  be  inter- 
rupted by  multiple  layers  of  cobalt  disilicide 
(other  metal  silicides  might  also  be  used).  It 
would  be  operated  with  reverse  bias.  Inci- 
dent infrared  photons  would  create  hot 
holes  in  the  silicide  layers.  At  shorter  wave- 
lengths, hot  electrons  would  be  created  in 
addition  to  the  hot  holes.  To  be  detected  as 
photocurrent,  the  holes  and  electrons  have 
to  cross  over  into  the  silicon. 

Because  the  mean  free  path  of  a  hot 
hole  in  the  silicide  is  much  shorter  than  the 
absorption  length  for  infrared  radiation,  the 
silicide  layers  have  to  be  thin  (<  10  nm)  to 
assure  that  most  of  the  holes  reach  the  sili- 
con. In  turn,  the  thinness  of  the  silicide 
layers  requires  a  multiplicity  of  such  layers 
to  convert  most  of  the  incident  infrared 
photons  into  photoexcited  charge  carriers. 
The  fact  that  the  layered  internal-photo- 
emission  sensor  contains  multiple  layers 
potentially  allows  this  device  to  have  a 
higher  quantum  efficiency  than  standard 
internal  photoemission  sensors  based  on 
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The  Layered  Internal-Photoemlsslon  Sensor  would  have  a  positive/intrinsic/negative  struc- 
ture modified  by  the  Inclusion  of  layers  or  islands  of  a  metal  silicide.  Holes  would  be  photo- 
excited  from  the  silicide  regions  and  swept  to  detection  by  the  reverse-bias  electric  field  in 
the  Intrinsic  silicon. 


Schottky  diodes. 

Although  the  silicide  layers  must  be  thin, 
they  should  be  at  least  2  nm  thick  to  avoid 
significant  quantization  of  the  energy  levels 
in  them.  Such  quantization  is  undesirable 
because  it  could  give  rise  to  thickness-de- 
pendent nonuniformities  that  would  de- 
grade the  performance  of  a  focal-plane  ar- 
ray 

The  charges  in  the  silicide  regions 
would  become  unbalanced  by  the  photo- 
excitation  process.  However,  the  energy 
levels  of  the  silicide  and  silicon  regions 
would  bend  as  needed  to  replenish  these 
charges  by  increasing  the  flow  of  charge 
carriers  not  created  directly  by  photoex- 
citation. 

In  an  alternative  configuration,  also 
shown  in  the  figure,  silicide  islands  would 
be  embedded  in  the  intrinsic  silicon  layer 


The  considerations  for  the  dimensions  and 
separations  of  the  silicide  Islands  are 
similar  to  those  for  silicide  layers.  A  device 
with  this  alternative  configuration  has  been 
successfully  demonstrated.  The  structure 
was  grown  by  molecular  beam  epitaxy, 
and  contains  three  layers  of  CoStj  parti- 
cles. While  CoSij  does  not  have  a  long  cut- 
off wavelength  relative  to  many  other  sili- 
cides, it  does  grow  epitaxially  on  silicon 
with  relative  ease.  The  quantum  efficiency 
of  this  device  is  comparable  to  or  greater 
than  that  of  a  standard  Schottky  diode,  and 
devices  with  larger  numbers  of  particles 
are  expected  to  show  increased  quantum 
efficiency 

This  work  was  <X)ne  by  Robert  W  Fathauer 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
NPO-17751/TN 
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Nitric  Oxide  Enhances  Charge-Coupled  Device 

The  illuminated  back  surface  is  treated  to  raise  the  quantum  efficiency. 


A  simple  treatment  increases  and  stabi- 
lizes the  quantum  efficiency  of  a  charge- 
coupled-device  photodetector  illuminated 
on  its  back  surface  at  wavelengths  less 
than  4,500  A.  To  obtain  a  high  and  stable 
quantum  efficiency,  the  device  must  be 
biased  in  a  strong  accumulation  mode. 
This,  in  turn,  requires  a  high  electric  field  at 
the  back  surface  to  repel  photogenerated 
electrons  and  to  direct  those  electrons 
toward  potential  wells  on  the  front  surface. 


The  physical  principle  of  the  enhancement 
is  explained  more  fully  in  "Metal  Film  In- 
creases CCD  Output"  (NPO-16815),  NASA 
Tech  Briefs,  Vol.  13,  No.  4,  page  24. 

In  the  new  treatment,  the  back  side  of  a 
positively-doped  silicon  charged-coupled 
device  is  exposed  to  an  atmosphere  of  ni- 
tric oxide,  which  is  strongly  electronega- 
tive and  bonds  strongly  to  the  surface.  The 
nitric  oxide  adsorbed  by  the  device  forms  a 
negative  charge  on  the  back  surface.  This 


charge  repels  electrons  toward  the  front, 
as  required.  Devices  thus  treated  would  be 
useful  for  imaging  at  wavelengths  from  ul- 
traviolet to  blue;  for  example,  in  astronomi- 
cal observations. 

This  worl<  was  done  by  Michael  H.  Hecht 
of  Caltech  and  Edward  H.  Poindexter  of  the 
U.S.  Army  Electronics  Technology  and  De- 
vice Laboratory  for  NASA's  Jet  Propul- 
sion Laboratory.  NPO-17281/TN 
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Optical  Detection  of  Deformations  of  an  Antenna 

Aim  would  be  corrected  in  response  to  changes  in  shape. 


A  proposed  control  subsystem  would 
generate  snnall  aiming-bias  signals  to  cor- 
rect for  deviations  of  the  70-m-diameter  re- 
flector of  a  microwave  antenna  from  its 
ideal  shape.  The  subsystem  would  take  op- 
tical measurements  to  determine  the  de- 
formations produced  by  such  environmental 
factors  as  wind,  gravity,  and  thermal  dif- 
ferentials. Using  these  measurements,  the 
subsystem  would  estimate  the  misalign- 
ment of  the  radiation  pattern  caused  by  the 
deformations.  Signals  to  correct  for  the 
estimated  misalignment  would  be  added  to 
the  angle-command  signals  of  the  main 
antenna-aiming  system. 

The  antenna  includes  an  intermediate 
reference  structure,  which  is  presumed  to 
be  rigid  and  aimed  correctly  Some  of  the 
deformations  are  assumed  to  occur  in  the 
main  parakxiloidal  reflector  The  rest  of  the 
deformations  are  assumed  to  occur  in  the 
quadripod  legs  that  support  the  hyperbo- 
loidal  subreflector  These  deformations 
would  be  manifested  as  shifts  in  the  posi- 
tion and  orientation  of  the  subreflector  (see 
Figure  1). 

The  antenna  would  be  instrumented  with 
a  network  of  time-of-flight  laser  ranging 
devices  and  retroreflectors  (see  Figure  2). 
Now  undergoing  development,  this  net- 
work is  capable  of  multiple  simultaneous 
measurements  with  submillimeter  accur- 
acies, at  a  rate  of  10  sets  of  measurements 
per  second.  The  measurement  data  would 
be  used  in  a  two-dimensional  triangulation 
analysis  to  determine  shifts  in  the  positions 
of  the  retroreflectors  (and  of  the  antenna 
substructures  to  which  they  are  attached) 
with  respect  to  the  intermediate  reference 
structure. 

The  proposed  configuration  of  the  net- 
work would  yield  the  maximum  amount  of 
useful  data  for  the  number  of  measure- 
ments made. The  portion  of  the  network  de- 
voted to  the  main  reflector  would  be  ar- 
ranged to  maximize  sensitivity  to  horizontal 
forces  (e.g.,  crosswinds)  and  to  vertical 
forces  (e.g.,  gravitation).  The  portion  de- 
voted to  the  subreflector  would  be  ar- 
ranged for  sensitivity  to  translations  and  ro- 
tations that  affect  the  radiation  pattern. 

The  measurements  would  be  affected 
by  variations  in  the  index  of  refraction  of  air, 
which  depend  on  atmospheric  pressure, 
carbon  dioxide  content,  temperature,  rela- 
tive humidity,  and  other  related  quantities. 
To  minimize  errors  from  this  source,  prin- 
cipal environmental  parameters  would  be 
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Figure  1.  The  Principal  Deviations  of  the  antefina  from  its  ideal  shape  are  deformations  in 
the  main  reflector  and  shifts  in  the  position  and  orientation  of  the  subreflector. 
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Figure  2.  To  Measure  Deviations  like  those  shown  in  Figure  1,  laser  ranging  devices  are 
placed  at  the  base  of  the  feed  on  the  rigid  intermediate  reference  structure,  while  retroreflec- 
tors are  placed  on  the  parts  that  deviate  from  their  assigned  positions  relative  to  the  intenne- 
diate  reference  structure. 
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measured  at  the  antenna.  Small-scale  fluc- 
tuations in  the  index  of  refraction  that  are 
caused  by  turbulence  would  contribute  to 
random  errors  and  would  not  be  correct- 
able. 

An  analysis  of  errors  yields  a  SS-^m  root- 
mean-square  (rms)  overall  resolution  in  the 


determination  of  the  antenna  geometric 
boresight,  based  on  a  25-Mm  rms  random 
error  in  the  range  measurements  and  25- 
^m  rms  random  noise  due  to  local  varia- 
tions in  the  index  of  refraction.  This  trans- 
lates to  an  error  of  3  millidegrees  in  the 
determination  of  the  direction  in  which  the 


antenna  is  actually  aimed.  This  result  is 
based  on  a  worst  case  combination  of 
measurement  errors  and  is  considered  to 
be  conservative  by  a  factor  of  about  4. 

This  work  was  done  by  L.  L  Schumacher 
and  H.  C.  Vivian  of  Caitech  for  NASA's  Jet 
Propulsion  Laboratory.    NPO-17677/TN 
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Optoelectronic  Integrated  Circuits  for  Neural  Networks 

Many  threshold  devices  would  be  placed  on  a  single  substrate. 


Integrated  circuits  containing  optoelec- 
tronic ttireshoid  (i.e.,  amplifying  and  switch- 
ing) elements  are  being  developed  for  use 
as  planar  arrays  of  artificial  neurons  in  re- 
search on  neural-network  computers. 
These  arrays  would  be  mounted  with  vol- 
ume holograms  recorded  in  photorefrac- 
tive crystals  (e.g.,  LiNbOg),  which  would 
serve  as  dense  arrays  of  variable  intercon- 
nections between  the  neurons  (see  Figure 

1). 

The  integrated  circuits  could  be  made 
by  existing  GaAs  technology  The  initial 
design  concept  calls  for  a  monolithically  in- 
tegrated circuit  chip  (2  by  2  cm  in  size)  con- 
taining a  square  array  of  100  by  100  neuron 
elements.  Each  element  would  contain  an 
on-chip  light  source  (laser  or  light-emitting 
diode)  driven  by  a  saturating  amplifier 
(field-effect  or  bipolar  transistor),  which  in 
turn  would  be  driven  by  a  photodetector. 
Alternatively  the  saturating  amplifier  and 
photodetector  could  be  combined  in  a  pho- 
totransistor. 

Figure  2(a)  illustrates  the  cross-section 
of  a  candidate  configuration  for  one  ele- 
ment, which  is  currently  pursued.  In  this 
version,  light-emitting  diodes  were  inte- 
grated with  Darlington  pairs  of  double- 
heterojunction  bipolar  phototransistors.  A 
fabricated  10-by-10  array  of  optical  neuron 
elements  is  shown  in  Figure  2(b). 

In  the  future,  the  light  source  would  be  a 
surface-emitting  laser  diode  with  etched 
mirrors.  Laser  diodes  of  this  type  are  easier 
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Figure  1.  An  Optoelectronic  Integrated 

Circuit  would  be  a  planar  array  of  optical 
"neuron"  elements,  each  containing  an 
on-chip  light  source  and  a  photodetector. 
The  holographic  optical  element  would 
define  the  interconnections  between 
the  neurons. 
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Figure  2(a).  The  Cross  Section  of  a  Currently  Pursued  Configuration  for  a  one-neuron  ele- 
ment consists  of  a  light-emitting  diode  and  a  Darlington  pair  of  double-hetero)unctlon 
bipolar  phototransistors.  Part  (b)  shows  a  10-by-10  array  of  monolithically  integrated  optical 
neuron  elements. 


to  make  than  are  the  ones  that  emit  per- 
pendicularly to  the  plane.  The  exact  shapes 
and  dimensions  of  the  features  in  this 
structure  must  be  chosen  to  minimize 
coupling  on  the  chip  between  the  laser  in 
each  such  element  and  the  detector  in  the 
same  or  any  other  element,  A  highly  reflec- 
tive coating  would  be  applied  to  at  least 


one  of  ttie  facets  of  ttie  laser  to  reduce  its 
threshold  current  and  crosstalk. 

The  fabrication  process  has  been  de- 
signed to  have  few  steps,  to  increase  the 
yield  on  the  wafer.  However,  the  yield  is  rx>t 
critical,  in  the  sense  that  a  circuit  chip 
designed  for  use  in  a  neural  net\MXk  can 
function  properly  even  if  it  contains  some 
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defective  neurons. 

It  will  be  important  to  reduce  the  con- 
sunnption  of  power  in  each  neuron.  This 
could  be  acconnplished  by  optimizing  the 
thickness,  composition,  and  doping  of  the 
epitaxial  layers;  reducing  the  width  of  the 
active  laser  region;  and  increasing  the  re- 
flectivities of  the  laser  mirrors.  Further- 
more, a  semiconductor  laser  can  be  de- 


signed to  minimize  its  heat  dissipation  at  a 
given  output  power. 

It  has  been  estimated  that  each  element 
would  be  on  about  half  the  time  and  would 
be  required  to  emit  up  to  about  100  ^W  of 
radiation.  Assuming  10-percent  efficiency 
this  amounts  to  an  average  dissipation  of 
about  0.5  mW  per  element,  or  5  W  over  the 
entire  array  in  addition  to  the  power  dissi- 


pation due  to  the  laser  threshold  current. 
However,  with  suitably  sparse  coding,  this 
power  requirement  could  be  further  re- 
duced. 

This  work  was  done  by  D.  Psaltis,  J. 
Katz,  Jae-Hoon  Kim,  S.  H.  Un,  and  A.  Nouhi 
of  Caltecti  for  NASA's  Jet  Propulsion 
Laboratory. 
NPO-17652/TN 
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Pipeline  Time- and  Transform-Domain  Reed-Solomon  Decoders 

A  modified  algorithm  simplifies  the  designs. 
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1 
TRANSFORM-DOMAIN  DECODER 

These  Time-  and  Transform-Domain  RS  Decoders  have  modular,  regular  architectures  that  are  simpler  than  those  of  earlier  versions  and  are 
suitable  for  implementation  In  VLSI  circuitry. 


The  nnoclification  of  previous  decoding 
algorithms  leads  to  simplified  conceptual 
designs  for  time-  and  transform-domain 
Reed-Solomon  (RS)  decoders  suitable  for 
implementation  as  very-large-scale  inte- 
grated (VLSI)  circuits.  Tfie  new  conceptual 
decoders  determine  simultaneously  the 
errata-locator  and  errata-evaluator  polyno- 
mials as  part  of  a  simplified  scheme  for  the 
corrections  of  errors  and  erasures  in  RS 
codes. 

The  previous  algorithm  for  time-domain 
decoding,  based  on  a  modification  of  the 
Berlekamp-Forney  method,  corrects  both 
errors  and  erasures  by  the  use  of  the 
method  of  continued  fractions  or  its 
equivalent,  Euclid's  algorithm.  In  this  algo- 
rithm, the  continued-fraction  subalgorithm 
is  used  to  find  the  error-locator  polynomial 
from  the  remainder  of  the  formal  power 
series  for  the  Forney  syndrome.  The  disad- 
vantage of  this  algorithm  is  that  two 


polynomial  multiplications  must  then  be 
performed  to  compute  the  errata-locator 
polynomial  and  the  errata-evaluator 
polynomial  from  the  known  error-locator 
polynomial. 

In  the  new  algorithm  for  time-domain 
decoding,  the  Euclidean  algorithm  is  used 
to  solve  the  Bertekamp-Forney  key  equa- 
tion for  the  errata-locator  polynomial  and 
the  errata-evaluator  polynomial  directly 
and  simultaneously  The  advantage  of  this 
approach  is  that  separate  computations  of 
the  errata-locator  polynomial  and  the  erra- 
ta-evaluator polynomial  are  not  necessary. 
The  new  decoding  algorithm  is  highly  suit- 
able for  implementation  in  both  VLSI  cir- 
cuitry and  in  software  on  a  general-pur- 
pose computer. 

The  previous  algorithm  for  transform- 
domain  decoding,  based  on  the  algorithm 
invented  by  Forney,  also  corrects  errors 
and  erasures.  By  use  of  the  Euclidean  al- 


gorithm, the  transform-domain  decodng 
algorithm  can  also  be  simplified  By  the 
same  procedure  as  that  used  in  the  time- 
domain  decoder,  one  can  obtain  the  erra- 
ta-locator polynomial 

The  figure  shows  block  diagrams  of 
(255,223)  RS  time-domain  and  transform- 
domain  decoders.  Each  block  diagram  can 
be  separated  into  two  parts.  The  first  parts, 
labeled  as  "I,"  have  similar  VLSI  architec- 
tures. The  architecture  of  the  transfornv 
domain  decoder  is  simpler  than  that  of  ttie 
time-domain  decoder  because  the  trans- 
form-domain decoder  needs  only  two  reg- 
ular function  blocks  in  part  II.  while  ttie 
time-domain  decoder  requires  three  func- 
tion blocks  in  part  II. 

The  inverse-transform  unit  in  tfie  trans- 
form-domain design  contains  255  similar 
cells  in  the  (255.223)  RS  decoder.  It  is 
estimated  that  these  255  cells  occupy  only 
a  moderate  anxxjnt  of  area  and  that  their 
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geometric  arrangement  can  be  regular 
and  simple.  However,  this  advantage  of  the 
transform-domain  decoder  is  valid  only  for 
moderately-short  RS  codes.  If  long  RS 
codes  are  used  to  enhance  the  perform- 
ance of  the  system,  the  transform-domain 
decoder  needs  a  large  inverse-transform 


block.  The  number  of  cells  needed  in  an 
inverse-transform  block  increases  expo- 
nentially with  the  integer  m  [where  N  = 
2^-\  is  the  length  of  an  (/V,  /)  RS  code]. 
However,  the  number  of  transistors  need- 
ed in  the  time-domain  decoder  goes  up 
only  linearly  as  m  increases.  Therefore,  for 


long  codes,  the  time-domain  decoder  is 
more  appealing. 

This  work  was  done  by  In-Shek  Hsu, 
Trieu-Kie  Truong,  L.  J.  Deutsch,  and  E.  H. 
Satorius  of  Caltech  and  I.  S.  Reed  of  USC 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-17510/TN 
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Sampling  Downconverter  for  Radio-Frequency  Signals 

Phase  and  delay  errors  would  be  reduced  greatly. 


Aproposed  GaAs  integrated-circuit  for  a 
receiver  of  radio  signals  at  gigahertz  fre- 
quencies would  sample  an  incoming  signal 
in  phase  and  in  quadrature,  digitize  it,  and 
down-convert  it  to  baseband  in  a  single 
step.  The  circuit  would  incorporate  both 
digital  and  analog  components  in  a  design 
that  offers  improved  stability,  versatility, 
and  sampling  bandwidth.  Because  most  of 
the  processing  of  the  signal  would  be  per- 
formed digitally  and  the  analog  filters  could 
be  given  very  wide  bandwidths,  the  instru- 
mental phase  and  delay  errors  could  be  re- 
duced greatly  in  comparison  with  those  of 
all-analog  versions.  The  design  eliminates 
the  need  for  several  components  found  in 
conventional  analog  designs,  including 
mixers,  postmixer  filters,  and  a  90°  phase 
shifter 

After  processing  through  a  preamplifier, 
one  or  more  band-pass  filters,  and  one  or 
more  wideband  amplifiers,  the  input  signal 
would  be  fed  to  an  ultrafast  sample-and- 
hold  circuit  in  the  downconverter  (see  Fig- 
ure 1).  This  sampler  would  be  driven  by  a 
sampling  clock  of  frequency  2f^,  which  in 
turn  would  be  generated  by  a  sampling- 
clock  synthesizer  driven  by  a  reference- 
clock  signal.  The  sampling  frequency 
could  be  changed  either  by  varying  the  in- 
put reference  frequency  or  by  changing 
the  multiplier  in  a  phase-locked  loop  that 
generates  the  sampling-clock  signal.  To  in- 
crease the  stability  of  the  sampling-clock 
signal,  the  sampling-clock  synthesizer 
would  be  included  on  the  chip. 

The  circuit  would  employ  commensu- 
rate sampling,  in  which  the  samples  of  the 
incoming  signal  would  be  taken  at  a  clock 
rate  of  2f^  =  4y(2n  +  ^),  where  f^  =  the 
carrier  frequency  of  the  incoming  signal 
and  n  is  a  nonnegative  integer.  With  this 
choice  of  sampling  frequency  the  samples 
taken  at  alternate  clock  cycles  would  be  in 
phase  and  in  quadrature,  respectively  (see 
Figure  2).  To  satisfy  the  Nyquist  criteron, 
the  analog  filters  are  selected  so  that  the 
bandwidth  of  the  signal  entering  the  sampl- 
ing downconverter  is  f^. 

The  piecewise-constant  output  of  the 
sampler  would  be  digitized  to  4  bits  in  the 
initial  version.  The  successive  in-phase 
and  quadrature  outputs  of  the  sampler 
would  be  reversed  in  polarity  on  alternate 
samples  of  each  to  compensate  for  the 
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Figure  1.  The  Sampling  Downconverter  would  perform  sampling  and  down  conversion  in  a 
single  step,  eliminate  the  need  for  some  conventional  analog  components,  and  offer  in- 
creased stability,  versatility,  and  reliability. 
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Notes: 

1.  "I"  and  "Q"  denote  in-phase  and  quadrature  samples,  respectively. 

2.  The  minus  signs  denote  negative-polarity  samples. 

Figure  2.  In  this  Example  of  Commensurate  Sampling,  the  sampling  clock  runs  at  three- 
quarters  of  the  carrier  or  middle  frequency  of  the  signal  to  be  sampled.  The  successive  lead- 
ing edges  of  the  positive-going  clock  pulses  trigger  alternate  positive  and  negative  in-phase 
and  quadrature  samples  separated  by  three-quarters  of  the  carrier-signal  period. 


reversals  in  polarity  of  the  input  signal,  then 
sent  to  an  in-phase  and  a  quadrature  ad- 
der, respectively.  The  adders  would  per- 
form a  sum-and-dump  operation  on  the 
initial  high-rate  samples.  The  summing  in- 
terval would  be  selectable  in  the  range 
from  1  to  64  points  when  the  initial  sample 


rate  is  a  simple  multiple  of  the  desired  out- 
put rate.  With  a  settling  of  1.  the  sampted 
data  can  be  passed  at  full  rate  to  alk>w 
subsequent  circuitry  to  apply  customized 
processing.  In  an  alternate  nxcte  tt^at  will 
produce  an  arbitrary  output  rate,  actrvation 
of  the  adder  can  be  controlled  by  an  exter- 
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nally  supplied  adder  clock. 

ITie  in-phase  and  quadrature  samples 
would  be  taken  at  slightly  separated  times. 
However,  at  the  high  sampling  rates  con- 
templated (e.g.,  1.2  GHz),  this  separation 
would  be  small  (833  ps)  and  would  intro- 
duce negligible  errors  in  some  applications 
if  ignored.  Where  the  separation  could  not 
be  ignored,  it  could  be  corrected  in  subse- 
quent processing,  inasmuch  as  the  sepa- 
ration remains  constant  and  is  known  ac- 
curately. 


This  work  was  done  by  J.  B.  Thomas,  B. 
Rayhrer,  and  L.  E.  Young  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  NASA's  Resident  Office-JPL 
Refer  to  NPO-17530/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S, 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  l\/lcCaul 
Mail  Code  180-801 
4800  Oal<  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Phase-Compensating  System  for  Fiber-Optic  Holography 

Phase  steps  can  be  held  to  a  precision  of  0.02°. 


A  phase-compensating  system  controls 
the  relative  phase  (6)  of  laser  light  emitted 
from  two  optical  fibers.  The  phase  can  be 
stabilized  for  conventional  holographic  ap- 
plications, or  it  can  be  stepped  through  a 
sequence  of  90°  phase  shifts  for  phase- 
stepping  holographic  interferometry.  The 
closed-loop  system  compensates  for  phase 
fluctuations  caused  by  mechanical  stress- 
es and  temperature  changes  in  the  fibers, 
providing  long-term  phase  stability  and 
phase  steps  that  are  accurate  to  within 
0.02°. 

The  phase-compensating  system  is  in- 
tegral with  a  fiber-optic  light-delivering  sys- 
tem (see  figure).  Light  from  a  25-mW  He/ 
Ne  laser  fed  into  optical  fiber  1  travels 
through  a  fiber  coupler  to  output  fibers  2 
and  3.  Fiber  2  is  wound  tightly  around  pie- 
zoelectric transducer  PZT2,  and  fiber  3  is 
wound  around  PZT1.  The  light  emitted  from 
one  of  the  output  fibers  is  used  as  the  ob- 
ject beam  for  an  interferometric  system; 
the  light  from  the  other  output  fiber  creates 
the  reference  beam.  The  output  fibers  are 
shown  forming  an  interferometer  for  direct 
detection  of  the  relative  phase  6,  but  one 
advantage  of  this  system  is  that  the  phase 
control  is  independent  of  fiber  placement, 
so  that  these  fibers  can  be  set  in  any  con- 
figuration. 

Some  of  the  light  traveling  through  the 
output  fibers  is  reflected  by  the  glass/air  in- 
terface at  the  fiber  faces  and  returns 
through  the  coupler,  travels  through  optical 
fiber  4,  and  is  detected  by  photodiode  1.  A 
10-kHz  sinusoidal  voltage  applied  to  PZT1 


Piezoelectric        Qutput 
Transducer  f,-^^ 

(PZT)2  A 


Photodiode 
2 


The  Phase-Compensating  System  controls 
environmental  fluctuations  in  the  phases 
of  light  emitted  by  the  output  fibers. 


modulates  the  phase  of  the  light  traveling 
through  fiber  3,  thereby  modulating  the 
light  detected  by  photodiode  1  A  lock-m 
amplifier  multiplies  the  signal  generated  by 
photodiode  1  by  the  nnodulation  signal  and 
filters  the  result,  producing  an  error  voltage 
that  is  proportional  to  sin  20,  This  voltage  is 
applied  to  PZT2  to  alter  the  optical  path 
length  of  fiber  2  until  the  error  voltage  is 
nulled,  stabilizing  d. 

Manipulating  the  sign  of  the  output  of 
photodiode  1  relative  to  the  modulation 
signal  forces  29  to  be  an  even  or  odd  multi- 
ple of  180°,  so  that  6  can  be  set  to  any 
multiple  of  90  °.  To  produce  a  monotonical- 
ly  increasing  sequence  of  90  °  phase  steps 
for  phase-stepping  interferometry,  the 
phase  controller  is  temporarily  deactrvat- 
ed,  and  voltage  steps  are  applied  to  PZT2 
to  change  the  relative  phase  by  roughly 
90°.  When  reactivated,  the  controller 
quickly  provides  the  fine  tuning  that  is  re- 
quired to  produce  and  maintain  an  accu- 
rate 90  °  phase  step. 

77j<s  work  was  done  fcy  Canolyn  R.  Mercer 
and  Glenn  Beheim  of  Lewis  Research 
Center.  Further  information  may  be  found 
in  NASA  TI^-101295  [N88-26641].  Price 
Code:  A02  'Active  Pfiase  Compensation 
System  for  Fiber  Optic  Holography. 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service.  Springfield.  Virginia 
22161.  Telephone  No.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra 
fee  by  calling  (800)  336-4700. 
LEW-14864/TN 
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Silicide  Schottky  Barrier  for  Back-Surface-llluminated  CCD 

A  less  catalytic,  less  reactive  film  would  still  maintain  high  quantum  efficiency. 


The  quantum  efficiency  of  a  back-sur- 
face-illuminated charge-coupled  device 
(CCD)  would  be  increased  by  coating  the 
back  surface  with  a  thin  layer  of  RSi  or  IrSi 
on  a  thin  layer  of  SiOg,  according  to  a  pro- 
posal. In  its  interaction  with  the  positively- 
doped  bulk  Si  of  the  CCD,  the  silicide/oxide 
layer  would  form  a  Schottky  barrier  that 
would  repel  electrons,  thus  promoting  the  ac- 
cumulation of  the  photogenerated  charge 
carriers  in  the  front-side  CCD  potential 
wells.  The  physical  principle  responsible 


for  the  improvement  is  explained  in  "Metal 
Film  Increases  CCD  Output"  (NPO-16815), 
NASA  Tech  Briefs,  Vol.  13,  No.  4,  page  24. 
The  back-surface  coat  described  in  the 
noted  article  is  Pt/SiOg.  Because  of  a  cata- 
lytic property  of  R,  this  combination  of  ma- 
terials is  sensitive  to  hydrogen  unless  oxy- 
gen is  present;  but  oxygen  is  unsuitable  in 
astronomical,  airborne,  or  other  operations 
that  involve  the  detection  of  ultraviolet  radi- 
ation, because  it  absorbs  strongly  in  the  ul- 
traviolet range.  Furthermore,  the  oxide  is 


degraded  by  a  dry  atmosphere. 

Both  RSi  and  IrSi  have  the  work  func- 
tions necessary  to  bias  the  CCD  strongly  in 
the  accumulation  mode.  Neither  RSi  nor 
IrSi  reacts  with  hydrogen.  The  degradation 
of  the  oxide  can  be  corrected  by  use  of  a 
low-temperature  oxide-deposition  proc- 
ess. 

This  worl<  was  done  by  Michael  H. 
Hecht  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  NPO-17328/TN 
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Simplified  Correlator  for  Ranging  Codes 

The  received  signal  is  processed  with  fewer  arithmetical  operations. 


An  improved  correlating  subsystenn  of  a 
pseudorandom-code  ranging  system  is 
made  possible  by  the  advent  of  fast,  cus- 
tom-made, very-large-scale  integrated  cir- 
cuits. In  contrast  with  its  predecessors,  the 
correlator  performs  far  fewer  arithmetical 
operations,  contains  much  less  special- 
ized analog  and  digital  circuitry,  and  can  be 
used  with  a  large  number  of  different 
codes. 

In  a  ranging  system  of  this  general  type, 
the  range  is  calculated  from  the  delay  be- 
tween a  received  signal  modulated  by  a  bi- 
nary pseudorandom  or  square-wave  code 
and  a  replica  of  the  code  generated  at  the 
receiver.  The  first  step  in  the  estimation  of 
the  delay  t  is  to  try  various  candidate 
values  T  and  compute  the  cross-correla- 
tion integral 

l^,^Cy(t)c{t-T)dt 

where  t  =  time,  y{t)  =  the  received  modu- 
lation plus  noise,  c(0  denotes  a  component 
of  the  code  signal,  and  T  is  an  observation 
interval  that  depends  on  the  signal-to-noise 
ratio  and  the  required  accuracy.  The  value 
of  T  that  maximizes  /^  is  accepted  as  the 
best  estimate  of  t. 

Typically  a  code  consists  of  repeated 
sequences  of  p  bits  that  last  ^q  each.  For 
the  purpose  of  estimating  t,  each  bit  period 
is  divided  into  k  subintervals  (k  is  usually  1 
or  2  but  could  be  any  integer).  A  receiver 
determines  a  set  o\  N  =  pk  candidate  val- 
ues T,  =  /f  q//c,  where  /  =  0  to  /V  -  1 .  A  typi- 
cal observation  time  7"  is  A/f  code  periods; 
that  is,  T  =  MptQ. 

The  relative  simplicity  of  the  new  corre- 
lator is  achieved  by  exploiting  the  periodici- 
ty of  the  code  to  transform  the  correlation 
integral  into 

pk--) 

/  =  o 
where  A^  represents  the  accumulated  inte- 
grate-and-dump  value  of  the  /th-bit  subin- 
tePk/als  of  m  =  0  to  /W  -  1  code  periods; 
namely 
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In  the  Simplified  Correlator,  no  code-dependent  multiplications  or  additions  are  performed 
before  accumulation. 


M  -  1      tQlk 

^/  =  1  /  y[f  +  (/■  +  mpk)tQlk]dt 

The  correlator,  shown  in  the  figure,  in- 
cludes pk  accumulators  for  the  {Ajlj  =  0, 
1,...  p/c-1}  values.  The  output  of  the  in- 
tegrator during  each  bit  subinterval  is  add- 
ed only  into  one  of  the  accumulator  chan- 
nels, switched  by  the  accumulator  index  /, 
each  ?()//<■  seconds.  Because  of  this  simplifi- 
cation, only  one  adder  is  required  for  all  the 
accumulators.  For  each  integrator  sample, 
the  corresponding  accumulator  is  fetched, 
added  to  the  sample,  and  restored  into 
memory.  Access  to  each  accumulator  is 
sought  only  once  each  ptQ  interval. 

The  accumulators  are  in  jeopardy  of 
overflow  only  1/p  as  much  of  the  time  as  in 
the  conventional  design.  Consequently 
each  accumulator  can  be  shorter  by 
log2(p)  bits  than  those  of  the  conventional 
design. 

The  address  generator  is  merely  a 
counter  clocked  at  the  bit  subinterval  sym- 
bol rate  and  reset  at  the  beginning  of  each 
period  of  the  receiver  code.  This  is  the  only 
code-dependent  signal  that  enters  the  digi- 
tal portion  of  the  correlator.  Except  for  the 


number  of  accumulators,  the  digital  por- 
tion of  the  correlator  assembly  is  inde- 
pendent of  the  code. 

Code  multiplications  need  not  be  made 
until  after  the  complete  accumulation  of  A^ 
values  has  been  read  into  the  computer  of 
the  ranging  assembly  Then  the  same  set 
of  /A,  sen/es  in  the  calculation  of  all  of  the  I- . 
The  vector  I  containing  the  I-  is  related  to 
the  vector  A  of  accumulator'values  A,  by 
the  equation 

I  =  CA 

where  C  is  the  Nxkp  matrix  of  binary  code 
values,  c,,^  =  c^_,.  Since  the  receiver 
code(s)  are  stored  solely  in  the  computer 
memory,  as  C,  since  the  vector  I  is  comput- 
ed separately  from  the  accumulation  proc- 
ess, and  since  this  computaton  must  be 
performed  only  infrequentty,  there  is  a  great- 
er degree  of  flexibility  and  generality  in  the 
simpler  design  than  existed  in  the  previous 
ranging  assemblies 

ifiis  work  was  done  b\  ^  C  ^?,.<.'.r-"v 
and  J.  R  Smith  of  Ca/tec-  \-  NASA's  Jet 
Propulsion  Laboratory. 
NPO-17415/TN 
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Program  for  Engineering 
Electrical  Connections 

Harmony  of  system  and 
cabling  engineering 
designs  is  assured. 

DFACS  is  an  interactive  multiuser  conn- 
puter-aided-engineering  software  tool  for 
system-level  electrical  integration  and  ca- 
bling engineering.  The  purpose  of  the  pro- 
gram is  to  provide  the  engineering  commu- 
nity with  a  centralized  data  base  for  putting 
in  and  gaining  access  to  data  on  the  func- 
tional definition  of  a  system,  details  of  end- 
circuit  pinouts  in  systems  and  subsystems, 
and  data  on  wiring  harnesses.  The  primary 
objective  is  to  provide  an  instantaneous 
single  point  of  interchange  of  information, 
thus  avoiding  error-prone,  time-consum- 
ing, and  costly  shuttling  of  data  along  multi- 
ple paths. 

The  DFACS  program,  which  is  centered 
around  a  single  data  base,  has  built-in 
menus  that  provide  easy  input  of,  and  ac- 
cess to,  data  for  all  involved  system,  sub- 


system, and  cabling  personnel.  The  DFACS 
program  enables  parallel  design  of  circuit 
data  sheets  and  harness  drawings.  It  also 
recombines  raw  information  to  generate 
automatically  various  project  documents 
and  drawings,  including  the  Circuit  Data 
Sheet  Index,  the  Electrical  Interface  Cir- 
cuits List,  Assembly  and  Equipment  Lists, 
Electrical  Ground  Tree,  Connector  List, 
Cable  Tree,  Cabling  Electrical  Interface 
and  Hamess  Drawings,  Circuit  Data  Sheets, 
and  ECR  List  of  Affected  Interfaces/As- 
semblies. Real-time  automatic  production 
of  harness  drawings  and  circuit  data 
sheets  from  the  same  reservoir  of  data  en- 
sures instant  harmony  of  system  and  ca- 
bling engineering  designs.  DFACS  also 
contains  automatic  wire-routing  proce- 
dures and  extensive  error-checking  rou- 


tines designed  to  minimize  the  possibility  of 
engineering  error 

The  DFACS  program  was  developed  in 
1987.  It  is  designed  to  operate  on  a  DEC 
VAX  mini  or  micro  computer  using  Version 
5.0/03  of  INGRES,  a  relational  data-base 
system.  INGRES  is  available  through  Rela- 
tional Technology  Inc. 

This  program  was  written  by  Joseph  W. 
Billitti  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 
NPO-17619/TN 
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Technology  Application 


Sandia  National  Laboratory 

Sensor-rich  Test  Chip  Monitors  Packaging  of 
Semiconductors 


An  advanced-technology,  many-transducer,  multi- 
purpose Assembly  Test  Chip  (ATC)  for  evaluating  the 
packaging  of  semiconductor  devices  has  been  developed 
at  Sandia  National  Laboratories. 

Although  developed  initially  for  use  by  Sandia  and 
the  Department  of  Energy,  the  design  of  the  novel 
semiconductor  chip  will  be  made  available  to  U.S.  mi- 
croelectronics companies  for  fabrication  and  use  in  their 
own  assembly  and  packaging  operations.  Sample  quan- 
tities of  the  Sandia-fabricated  chip  may  also  be  provided 
on  an  as-available  basis. 

The  assembly  test  chip  contains  a  variety  of  sensors 
that  can  determine  whether  the  assembly  and  packaging 
of  semiconductor  devices  has  resulted  in  any  damage  or 
degradation  of  their  function.  Those  transducers  mea- 
sure such  things  as  corrosivity,  mechanical  damage, 
electrostatic  threat,  mechanical  stress,  bond  pad  degra- 
dation, and  moisture  content. 

The  chip  is  based  on  state-of-the-art  CMOS  (com- 
l)k'mentary  metal  oxide  semiconductor)  technology. 
This  has  been  done  to  ensure  the  design  can  be  fabri- 
cated in  many  companies'  integrated  circuit  (IC)  facili- 
ties and  to  achieve  maximum  sensor  sensitivity.  It  is  also 
to  ensure  economies  of  IC  production  and  low  cost. 

The  first-generation  model,  now  in  early  use  at 
Sandia,  contains  sensors  that  can  detect  corrosion  of  the 
aluminum  circuit  lines.  These  sensors  can  also  help 
identify  the  chemical  reactions  responsible  and  provide 
information  on  the  rate  of  corrosion.  Corrosion  of  cir- 
cuits is  one  of  the  major  failure  modes  of  packaged 
integrated  circuits.  The  chip  also  has  conductor  lines 
around  its  perimeter  that  detect  edge  and  surface  dam- 
age during  the  wafer-sawing  and  die-bonding  processes. 

A  second-generation  chip,  now  being  fabricated, 
adds  an  integrated  moisture  sensor  that  will  measure 
unwanted  humidity  inside  the  package  and  a  self-heater 
that  provides  information  on  how  well  the  package  gets 
rid  of  heat  generated  by  its  circuits. 

Thirteen  sensors  in  current  version 

The  moisture  sensor  fulfills  an  unmet  need,  says  the 
chip's  designer,  Jim  Sweet  of  Sandia's  Packaging  and 
Interconnection  Development  Division.  A  porous  anod- 
ized  region  of  aluminum  oxide  forms  part  of  a  capacitor; 
the  capacitance  depends  on  the  amount  of  moisture 
present.  Maximum  sensitivity  occurs  in  the  range  of  200 


Sandia  technical  staff  members  Melanie  Tuck  and  Jim  Sweet 
(standing)  and  Dave  Peterson  insert  a  board  of  assembly  test 
chips  in  special  packages  into  a  highly  accelerated  stress  test 
chamber  used  to  evaluate  chips'  organic  coatings. 


to  2000  parts  per  million  by  volume.  "Since  the  moisture 
sensor  is  integrated  into  the  chip,  the  experimenter  does 
not  have  to  have  a  separate  chip  for  moisture  sensing 
and  corrosion  detection,"  says  Sweet.  "Such  integration 
is  not  available  from  any  known  supplier." 

A  third-generation  chip  now  in  design  contains  13 
different  transducers,  including  arrays  of  temperature 
and  mechanical  stress  sensors,  several  fine  line  corrosion 
detecting  geometries,  water-vapor  sensors,  and  bond 
pad  cratering  monitors.  (Mechanical  stresses  can  be 
caused  when  the  chip  is  attached  to  the  package  by 
soldering  or  epoxy  gluing  or  when  it  is  encapsulated.) 

All  these  features  are  integrated  into  a  single  semi- 
conductor chip  that  can  be  used  to  test  how  well  assem- 
bly and  packaging  operations  are  carried  out. 

The  assembly  tost  chip  is  considered  an  important 
step  in  meeting  some  crucial  needs  in  microelectronics 
production.  Semiccniductor  discrete  and  integrated  de- 
vices must  be  assembled  and  packaged  for  use  in  elec- 
tronics systems.  The  semiconductor  chip  must  be 
bonded  into  a  package,  electrical  connections  made. 
coverings  attached,  and  encapsulants  or  coatings  ap- 
plied. This  packaging  is  what  protects  the  chips  t"r-  m 
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degradation  throughout  their  service  life.  All  in  all, 
assembly  and  packaging  is  considered  as  important  as 
the  initial  design  and  fabrication  of  the  semiconductor 
components  themselves. 

It  is  often  difficult  to  determine  why  completed 
semict)nductor  devices  fail  after  packaging  and  assembly 
processes.  By  comparison,  an  assembly  test  chip  pro- 
vides direct  information  on  how  and  where  the  damage 
or  breakdown  occurred.  "It  identifies  what  caused  the 
failure,"  says  Sweet.  "Frequently  with  an  operational 
chip,  such  as  a  microprocessor,  it's  very  difficult  to  say 
what  caused  the  failure.  It  just  stops." 

Use  of  such  assembly  test  chips  could  provide  im- 
mediate, quantitative  monitoring  of  production  assem- 
bly lines  and  quantitative  comparison  of  new  packaging 
manufacturing  processes,  materials,  and  methods  to  the 
old. 

For  instance,  a  semiconductor  design  group  might 
provide  the  test  chips  to  a  potential  supplier  for  pack- 
aging. The  design  group  would  then  get  them  back  and 
be  able  to  evaluate  how  well  the  assembly  and  packaging 
operation  was  conducted.  As  another  example,  each 
production  assembly  facility  might  be  asked  annually  to 
process  a  thousand  assembly  test  chips,  along  with  their 
normal  production  chips.  This  could  result  in  a  quick, 
noninvasive,  objective,  quantitative  reading  of  handling 
damage,  corrosive  residue,  moisture  and  mobile  ion 
content,  bond  resistance  and  uniformity,  and  so  on. 

Historically  there  has  not  been  enough  direct  eco- 
nomic return  for  any  one  company  to  drive  the  develop- 
ment and  refinement  of  a  multipurpose  assembly  test 
chip.  In  fact  only  the  largest  U.S.  companies  have  been 
able  to  afford  the  design  and  manufacture  of  any  pack- 
aging test  chip,  usually  with  only  one  or  two  sensor 
types.  And  these  single-purpose  test  chips  or  chip  de- 
signs are  rarely  for  sale.  Even  availability  within  the 
chip-producing  company  itself  is  often  limited. 

Assembly  test  chips  have  been  treated  as  short-term 
objects,  not  manufacturing  technology  to  be  advanced. 
This  is  something  Sandia  hopes  to  change. 

Sandia  intends  to  add  continuity  to  test-chip  evolu- 
tion by  mcorporating  new  transducers  into  successive 
generations.  The  improved  designs  will  come  from  char- 
acterization of  existing  sensors  as  well  as  input  from 
industry  and  universities. 

Goal  is  to  transfer  to  industry 

The  work  has  an  explicit  goal  of  transferring  test- 
chip  and  sensor  technologies  to  provide  industry.  Some 
of  the  chip's  development  was  funded  internally  by 
Sandia's  technology  transfer  program  under  a  Technol- 
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Third-generation  assembly  test  chip  has  13  different  sensors- 


ogy  Maturation  Proposal,  says  Doug  Weaver,  manager  of 
the  Facilities  and  Process  Development  Department, 
which  is  carrying  out  the  development. 

"The  electronic  design  basis  of  the  chip  will  be  made 
available  to  American  companies  that  want  to  manufac- 
ture the  chips  or  the  sensor  components,"  says  Dave  W. 
Palmer,  supervisor  of  the  Packaging  and  Interconnec- 
tion Development  Division.  "Sample  quantities  can  be 
provided  on  an  as-available  basis."  Details  for  respond- 
ing to  any  requests  for  larger  quantities  are  still  being 
worked  out. 

In  addition  to  its  uses  in  evaluating  and  improving 
semiconductor  assembly  and  packaging.  Weaver  says 
the  test-chip  development  has  longer-term  applications 
in  support  of  other  Sandia  programs,  including  the 
concept  of  a  weapons-system  monitor.  The  hope,  says 
Weaver,  is  that  the  work  will  lead  to  a  new  generation  of 
semiconductor  components  to  serve  as  smart  sensors 
and  embedded  weapons  "black  boxes."  a 


FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207 

Refer  to  announcement  25  No.  5 


NEW  TECHNOLOGY 


BUREAU  OF  RECLAMATION 


High-Voltage  D-C  Microammeter 


The  Bureau  of  Reclamation  has  developed  an  electrically  isolated  d-c  microammeter  system  for  measuring  small 
bipolcU"  currents  which  are  as  much  as  4l)U  kilovolts  above  ground  potential.  This  makes  it  suitable  for  dielectric 
(leakage  current  measurement)  testing  of  high-voltage  insulated  power  cables.  The  system  contains  a  fiber- 
optic transmitter  and  receiver.  The  transmitter  converts  the  current  to  be  measured  into  light  pulses  which  are 
coupled  via  a  fiber-optic  cable  to  the  receiver  where  they  are  converted  to  a  current.  This  current  can  be  read 
on  one  of  the  three  full-scale  ranges  of  the  built-in  panel  meter  or  transcribed  to  a  strip-chart  recorder  \ia  a 
built-in  recorder  output.  The  device  will  measure  from  0.5  to  500  microamperes  v.ith  an  error  of  less  than 
3  percent  of  full  scale  for  the  built-in  meter,  and  less  than  1  percent  of  reading  (±0.1  microampere)  at  the 
recorder  output.   The  receiver  may  be  located  up  to  400  meters  from  the  transmitter. 

The  system,  shown  below,  is  not  patented  and  is  available  to  interested  parties  for  manufacture.  If  further 
development  is  required,  the  Bureau  of  Reclamation  would  be  interested  in  a  cooperative  research  and 
development  agreement  for  that  purpose. 

FOR  ADDITIONAL  INFORMATION:  Danny  L.  King.  Research  and  Laboiaioiy  Services  Division.  Bureau  ol 
Reclamation,  P.O.  Box  25007,  D-3700C,  Denver,  CO  80225;  (303)236-4517  or  (FTS)776-4517.  Rolcr  to  NT-I90- 
ITN. 
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Metal-Core  Transformers  Evaluated 
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Figure  2.  Percent  EfTiciency  of  100%  Load  and  Regulation 


Engineers  at  the  Naval  Civil 
P]ngineering  Laboratory  (NCEL), 
Port  Hueneme,  California,  have 
completed  a  test  and  evaluation 
program  to  compare  the  electrical 
performance  and  operational 
reliability  of  the  25-kVA 
amorphous  metal-core  trans- 
formers versus  conventional 
silicon-steel  transformers  (see 
Figure  2).  Other  sizes  are 
available  for  Navy  use. 

The  results  successfully 
verified  the  reliability  and 
performance  of  the  metal  core 
transformers  and  found  they  met 
or  e.xceeded  ANSI/IEEE  or  NEMA 


standards  for  all  tests  conducted. 
The  metal-core  transformers  save 
energy  by  reducing  no-load  losses 
by  60  to  70  percent  and,  thus,  could 
reduce  operating  costs 
substantially. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150302/TN 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Improved  Testing  for  EM  Susceptibility 


Two  new  NIST  publications  discuss  improved  methods  for  testing  aircraft,  large  operational  systems,  and 
clcclronic  equipment  for  susceptibility  to  electromagnetic  (EM)  fields.  Recent  Improvements  in  Time-Domain 
EMC  Measurement  System  (NISTIR  89-3927)  describes  techniques  for  determining  critical  resonant  frequencies 
and  the  current  response  of  internal  wiring  of  helicopters  due  to  external  EM  fields.  The  measurement  method  uses 
a  train  of  low-level  radiated  pulses  that  do  not  disturb  other  spectrum  users,  are  safe,  and  can  be  used  in  a  noisy  E.\1 
environment.  Facilities  for  Improving  Evaluations  of  Electromagnetic  Susceptibilities  of  Weapon  Systems  and 
Electronic  Equipment  (NISTIR  89-3928)  discusses  the  preliminary  design  of  a  facility  for  EM  susceptibility  testing 
that  combines  features  of  the  transverse  electromagnetic  cell  for  low-frequency  testing  and  the  reverberating 
chamber  for  high-frequency  op)eration. 

FOR  ADDITIONAL  INFORMATION:  Both  publications  are  available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161;  (703)487-4600.  Order  NISTIR  89-3927  by  PB90-155821NAC  for  A03;  order 
NISTIR  89-3928  by  PB90155862  for  A03. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology  ( 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Near-Field  Gain  of  Pyramidal  Horns 

Calibrations  of  electromagnetic  probes,  electromagnetic  interference  and  compatibility  tests,  and  antenna 
measurements  are  carried  out  in  the  NIST  anechoic  chamber.  They  require  that  a  transmitting  antenna  in  the 
chamber  generate  a  known  field  throughout  a  certain  volume.  AT  NIST,  a  series  of  pyramidal  transmitting  horns 
are  used  above  450  MHz.  NIST  has  published  a  comparison  of  the  theoretical  and  measured  near-field  gains  of 
these  horns  for  frequencies  from  18  to  40  GHz.  Near-Field  Gain  of  Pyramidal  Horns  from  18  to  40  GHz  (NISTIR 
89-3924)  describes  the  theory  and  measurement  techniques  used  and  shows  that  the  discrepancy  between  theory 
and  measurement  is  typically  within  +0.3  dB  for  distances  between  0.5  and  4  m  from  the  horn  aperture. 

FOR  ADDITIONAL  INFORMATION:  NISTIR  89-3924  is  available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161.  Order  by  PB#90-155854  for  $15. 
NTIS  order  number:  PB90- 155854 
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Naliorial  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Optically-Tuned  Far-Infrared  Device 

The  spacing  of  a  visible  interference  pattern  deternnines  the  frequency  of  infrared  radiation. 


A  variable  photoconductivity  grating 
formed  by  the  interference  of  two  visible 
laser  beams  that  intersect  on  the  surface 
of  a  proposed  AIGaAs  device  would  substi- 
tute for  the  fixed  metal  grating  used  in  a 
typical  existing  device.  The  proposed  de- 
vice would  provide  higher  output-power 
density  and  greater  tunability  than  those 
available  in  the  metal-grating  devices. 

The  frequency  of  the  two-dimensional 
plasmons  in  the  device  (and  hence  of  the 
far-infrared  radiation)  is  a  function  of  the 
spatial  periodicity  of  the  plasmons,  the  sur- 
face density  of  electrons,  the  dielectric 
constant  of  the  AIGaAs,  and  other  parame- 
ters. The  spatial  period  of  the  plasmons  is 
constrained  to  that  of  the  grating,  whether 
the  grating  is  metal  or  spatially  modulated 
photoconductivity.  In  a  conventional  silicon 
metal-oxide/semiconductor  field-effect 
transistor  (MOSFET)  device  with  a  fixed 
metal  grating,  tuning  is  achieved  by  varying 
the  gate  voltage,  which  affects  the  surface 
density  of  electrons.  However,  the  channel 
pinchoff  phenomenon,  common  to  all  FET 
devices,  limits  the  electric  field  that  can  be 
usefully  applied  between  the  drain  and  the 
source;  and  this  in  turn  limits  the  power 
density. 

In  the  proposed  device,  the  wavelengthi 
of  the  lasers  (e.g.,  623.8  nm  for  He/Ne 
lasers  is  short  enough  that  the  laser  light 
would  be  strongly  absorbed,  generating 
electron/hole  pairs  in  a  pattern  corre- 
sponding to  the  maximums  and  minimums 
of  the  interference  pattern.  The  spatial 
modulation  of  conductivity  thus  produced 
would  couple  two-dimensional  plasmons 
to  the  far-infrared  radiation. 

The  spatial  period  of  the  grating  could 
be  varied  by  changing  the  wavelength  of 
the  illumination  or  the  angle  between  the 
beams  that  control  the  frequency  of  the 
far-infrared  radiation.  The  grating  period  A 
is  (A/2)  sin  (0/2),  where  A  is  the  laser  wave- 
length and  6  is  the  angle  between  the  laser 
beams.  Typically,  A  would  t^e  of  the  order  of 
10  ^m.  The  efficiency  of  coupling  between 
the  plasmons  and  the  far-infrared  radiation 
would  increase  with  the  power  of  the 
lasers.  The  dissipation  of  heat  from  the  ab- 
sorption of  the  laser  beams  would  be  negli- 
gible. 
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Undoped  GaAs 


Semiinsulating  GaAs  Substrate 


A  Tunable  Source  of  Far-Infrared  Radiation  would  use  an  adjustable  interference  pattern 
produced  by  two  coherent  Interfering  visible  laser  beams  to  create  a  photoconductivity  grat- 
ing that  would  control  the  frequency  of  the  radiation  produced. 


This  work  was  done  by  Joseph  Katz  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. 

In  accordance  with  Public  Law  9&517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena.  CA  91125 
Refer  to  NPO-17160/TN.  volume  and 


number  of  this  NASA  Tech  Briefs  issue, 
and  the  page  number 


Jet  Propulsion  Lab. 
NASA  Resident  Office 
Technology  Utilization 
Oflicer  Gonion  S 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2734 


Technology  UtHaation 
Mgr.  tv  JPL:  Newman 
L   ChBffin 
Mail  Stop  156-211 
4800  Oak  Grove  Dnve 
Pasadef>a.  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  PO.  Box  8757. 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Energy 


0956  Modifications  Create  Improved  Battery  with  a  1 0-year  Lifetime 

0957  Numerical  Model  of  Pulse  Combustion  Aids  Industry  Designs 

0958  Improved  Thermal-Switch  Disks  Protect  Batteries — Insulating  washers 
hold  disks  in  place  to  prevent  additional  short  circuits.  (Licensing 
Opportunity) 

0959  Mobile  Centers  for  Secondary  Power  Distribution — Power  sources  on 
wheels  would  need  only  short  cables  to  equipment,  reducing  hazards 
and  obstacles. 
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Technology  Application 


Sandia  National  Laboratory 

Modifications  Create  Improved  Battery  with  a  10-year 
Lifetime 


A  battery  that  provides  power  for  10  years  has  been 
developed  at  Sandia  National  Laboratories  for  military 
and  space  applications. 

Sandia  scientists  base  their  predictions  of  longevity 
on  studies  evaluating  the  performance,  reliability,  and 
aging  characteristics  of  battery  cells  over  a  period  of 
years.  The  10-year  lifetime  was  made  possible  by  several 
modifications  to  existing  lithium-sulfur  dioxide  batter- 
ies, which  are  used  primarily  by  the  armed  forces  for 
applications  that  require  long  life  and  high  energy 
density. 

Modifications  include: 

•  Development  of  a  Sandia-designed  glass  that  elim- 
inates corrosion  in  the  glass-to-metal  seal. 

•  Use  of  molybdenum  as  the  positive  terminal,  to 
inhibit  corrosion  by  products  of  electrolysis. 

•  An  improved  method  of  attaching  the  cathode  tab 
to  the  positive  terminal. 

•  Placement  of  a  nickel  grid  in  the  lithium  anode  for 
increased  efficiency. 

•  Eliminating  cracking  in  the  steel  cell  case,  by 
reducing  stress  through  fully  annealing  the  case 
and  increasing  the  radius  of  curvature  at  the 
bottom  of  the  can. 

Solved  glass-corrosion  problem 

Samuel  C.  Levy,  one  of  the  Sandia  scientists  who 
conducted  the  battery  studies,  says  glass  corrosion  had 
been  the  greatest  cause  of  failure  of  the  lithium-sulfur 
dioxide  cells.  Researchers  solved  this  problem  in  two 
stages.  They  first  reduced  the  failure  rate  by  developing 
a  corrosion-resistant  glass  known  as  TA-23. 

"However,  TA-23  is  a  corrosion-resistant  glass,  not  a 
corrosion-proof  glass,"  explained  Levy.  "Further  re- 
search at  Sandia  led  to  a  new  glass,  CABAL  12,  that  has 
a  corrosion  rate  approximately  one-third  to  one-fourth 
that  of  TA-23." 

Commercial  battery  manufacturers  have  already  in- 
corporated CABAL  12  into  lithium-sulfur  dioxide  bat- 
teries supplied  to  the  military  services.  The  batteries  are 
used  by  the  armed  forces  because  they  have  the  advan- 
tages of  light  weight,  high  energy,  and — perhaps  most 
important- "the  ability  to  continue  to  operate  in  t'rigid 
temperatures. 

Lithium-sulfur  dioxide  batteries  have  not  been  de- 
veloped for  consumer  products  because  their  cathode 


material  (sulfur  dioxide)  is  a  pressurized  gas  and  is  toxic. 
Military  and  Sandia  batteries  are  vented  to  prevent  case 
rupture  if  the  cells  are  abused,  but  manufacturers  have 
shown  little  interest  in  making  that  type  of  battery  for 
consumer  products  because  of  liability  fears. 

Some  manufacturers  have  incorporated  TA-23  into 
lithium  batteries  with  solid  cathode  materials.  The  glass 
is  being  used  in  batteries  for  implanted  heart 
defibrillators  and  drug  delivery  systems,  and  at  lease  one 
manufacturer  has  developed  a  prototype  small  "button" 
battery  for  other  possible  uses.  These  solid-cathode 
lithium  batteries,  which  have  low  energy  requirements 
over  an  extended  length  of  time,  are  not  pressurized  and 
present  no  hazards  for  consumer  use.  It  is  anticipated 
that  CABAL  12  will  replace  TA-23  in  these  commercial 
batteries  by  next  year. 

Another  factor  that  would  discourage  adapting 
lithium-sulfur  dioxide  batteries  to  consumer  products  is 
their  cost.  Sandia  estimates  that  its  batteries  cost  from 
$75  to  §100  per  cell.  This  cost  would  go  down  in 
proportion  to  the  batteries  ordered,  but  it  still  would  be 
prohibitive  for  ordinary  consumer  use. 

However,  these  costs  are  quite  reasonable  for 
projects  that  cost  millions  of  dollars  and  require  ex- 
tremely high  assurances  of  success,  such  as  nuclear 
weapons  and  deep  space  missions. 

Used  on  Galileo  spacecraft 

Lithium  sulfur  dioxide  batteries  are  being  used  on 
the  Galileo  spacecraft,  which  will  gather  data  on  the 
atmosphere  of  Jupiter.  All  of  the  improvements  were 
incorporated  into  the  Galileo  lithium-sulfur  dioxide 
cells,  which  will  provide  power  for  the  scientific  instru- 
ments when  the  probe  descends  into  the  Jovian  atmo- 
sphere. This  will  occur  more  than  six  years  after  the 
spacecraft's  October  1989  launch  and  seven  and  a  half 
years  after  the  batteries"  date  of  manufacture. 

The  National  .Aeronautics  and  Space  Administra- 
tion funded  a  Sandia  study  to  determine  if  the  batteries 
would  perform  satisfactorily  upon  reaching  Jupiter. 

Sandia  tests  indicate  a  lifetime  of  8.2  years  for 
TA-23  glass  at  room  temperature.  Levy  says  scientists 
are  predicting  a  lifetime  of  up  to  25  years  for  CABAL  12. 
"This  makes  us  much  more  confident  in  predicting  a 
reliable  life  of  10  years  or  more  for  the  batteries,"  he 
savs. 
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Lithium-sulfur  dioxide  cells  containing  all  of  the 
Sandia  modifications  except  the  CABAL  12  glass  have 
undergone  storage  and  discharge  tests  over  wide  tem- 
perature ranges  and  temperature  cycles.  Scientists  stud- 
ied the  self-discharge  characteristics  of  the  batteries  in 
temperatures  ranging  from  0°  to  60°  Celsius  and  con- 
cluded that  normal  self-discharge  was  essentially  the 
same  whether  the  battery  was  under  load  or  on  standby. 
Another  Sandia  study  looked  at  constant  temperature 
storage  of  commercial  cells  at  temperatures  ranging 
from  0°  to  -40°C. 

The  commercial  cells — from  two  manufacturers 
— did  not  have  the  Sandia  modifications.  After  being 
stored  at  constant  temperatures  for  up  to  five  years,  the 
cells  were  discharged  at  450  milliamperes  at  room  tem- 
perature. At  these  lower  temperatures,  corrosion  reac- 
tions are  extremely  slow,  thereby  causing  little  differ- 
ence between  the  performance  of  the  commercial  cells 
and  the  ones  modified  by  Sandia.  The  low  temperature 
capacity  data  were  combined  with  data  from  the  Galileo 
project  to  plot  a  graph  to  predict  the  rate  of  capacity 


loss. 

After  looking  at  the  combined  data  from  all  of  their 
studies,  Sandia  scientists  came  up  with  their  projection 
of  a  10-year  lifetime  for  the  Sandia  lithium-sulfur  diox- 
ide cells. 

Levy,  Henry  K.  Street,  and  Chris  C.  Crafts  of 
Sandia's  Exploratory  Batteries  Division  did  the  primary 
research  on  the  batteries.  They  were  assisted  by  mem- 
bers of  Sandia's  Materials  and  Process  Sciences 
Directorate.  a 
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Technology  Application 


Sandia  National  Laboratory 


Numerical  Model  of  Pulse  Combustion  Aids  Industry 
Designs 


Researchers  at  Sandia  National  Laboratories  have 
developed  a  computer  model  to  explain  the  complex 
workings  of  pulse  combustion.  There  is  keen  interest  in 
pulse  combustors  because  of  their  inherent  high  effi- 
ciency and  low  emissions  of  pollutants. 

Use  of  this  combustion  concept  dates  to  the  World 
War  II  days  of  the  V-1  rocket  and  beyond.  But  pulse 
combustion  has  never  been  described  in  the  close  scien- 
tific detail  needed  to  model  combustors  for  new  appli- 
cations. 

"When  we  started,  there  were  definitely  some  mys- 
teries out  there.  We  think  our  model  can  explain  most  of 
them,"  says  T.  Tazwell  Bramlette,  of  Sandia's  Combus- 
tion Research  Facility  (CRF)  in  Livermore,  California. 

"The  objective  of  this  research  was  to  develop  a  way 
to  allow  pulse  combustion  manufacturers  to  design  and 
develop  new  burners  without  resorting  to  trial  and 
error,"  Bramlette  explains.  He  and  his  colleagues  set  out 
to  understand  the  fundamentals  of  this  unique  combus- 
tion system,  link  them  with  experiments,  and  bring 
university  and  industry  experts  into  the  program. 

Pulse  combustion 

A  typical  pulse  combustor  is  relatively  simple,  oper- 
ating in  a  series  of  short  burns,  instead  of  a  continuous 
burn.  Sound  waves  reflecting  withing  the  combustion 
chamber  and  tailpipe  set  up  burn  cycles.  A  spark  plug 
ignites  the  first  cycle,  but  after  that  the  combustion 
becomes  self-sustaining.  Fresh  reactants  are  heated  and 
burned  as  they  are  injected. 

What  isn't  simple  are  the  interactions  inside  the 
combustor.  "At  first,  because  there  was  no  understand- 
ing of  the  fundamentals,  you  could  change  something 
and  that  would  change  something  else.  Design  was 
basically  an  art — you  had  a  feeling  for  what  might  work. 
But  that's  not  the  most  efriciont  way  to  do  it."  says 
Bramlette. 

Scientists  ha\e  known  since  the  19th  century,  when 
English  physicist  Lord  Rayleigh  explained  the  process, 
that  the  key  to  successful  pulse  combustion  is  in  timing 
the  energy  releases  and  acoustic  wave  patte'-ns.  But 
engineers  have  been  left  to  "cut  and  try" — building 
models  and  testing  them     to  see  how  new  designs  work. 


Basic  operation  of  a  conventional  pulse  combustor.  Th(T  process 
begins  (1)  when  fuel  and  air  enter  a  combustion  chamber.  The 
mixture  is  then  ignited  (2)  by  a  spar>  plug,  causing  the  first 
pulse.  This  pulse  causes  flapper  valves  to  close  (3).  forcing  the 
combustion  products  out  the  tailpipe  The  pulse  reaches  the  end 
and  is  reflected  back  into  the  combustion  chamber  (4)  while 
negative  pressure  in  the  chamber  has  allowed  the  flapper 
valves  to  re-open  When  the  reflective  wave  re-enters  the 
chamber,  the  new  mixture  ignites  without  the  use  of  a  spark  (5), 
causing  the  next  pulse. 


Questions  and  answers 

Laily  work  at  Sandia  was  carried  out  in  collabora- 
tion with  Japanese  researchers.  In  1983.  shortly  after 
construction  of  the  CRF,  Sandia  struck  a  deal  with  the 
Japanese,  who  were  interested  in  bringing  pulse  combus- 
tion technology  to  Sandia  and  making  use  of  the  Labs' 
unique  optical  diagnostic  capabilities.  As  a  continua- 
tion of  the  arrangement.  Sandia's  Jay  O.  Keller  spent 
several  months  in  Japan  working  with  that  oountrv's 
foremi^st  experts  in  pulse  combustion  at  Toshiba  Corp.. 
the  National  .Vervispaco  Laboratory,  and  Kokushikan 
University. 

M  the  CRF,  Sandia  uistrumented  a  Toshiba  pulse 
combustor  for  testing.  Toshiba's  Kazuo  Saito  worked 
with  Sandia  researchers  in  developing  experiments  and 


95: 


analyzing  results.  This  combustor  was  subsequently 
redesigned  and  has  been  used  extensively  in  the  Sandia 
program. 

"In  many  respects,  our  early  research  raised  more 
questions  than  it  answered,"  says  Keller.  "Early  numer- 
ical models  leaned  on  duplicating  laboratory  results. 
They  weren't  of  value  in  predicting  what  might  happen 
if  one  or  more  variables  were  changed." 

To  accurately  coordinate  energy  release  with  the 
reflecting  pressure  waves  in  a  model,  four  "characteristic 
times"  were  identified.  These  were  the  durations  re- 
quired to  (1)  mix  fuel  and  air,  (2)  mix  fresh  reactants 
with  residual  products  and  bring  them  to  a  reaction 
temperature,  (3)  allow  the  combustion  to  occur,  and  (4) 
permit  the  internal  pressure  wave  to  complete  its  travel 
through  the  combustion  chamber  and  tailpipe. 

Heat  for  the  '90s 

Sandia  researchers  Pamela  K.  Barr,  Bramlette,  and 
Keller  combined  a  nonlinear  pressure  wave  model  with 
submodels  describing  fuel-air  injection  and  energy  re- 
lease processes.  Making  use  of  state-of-the-art  laser 
diagnostic  tools,  they  found  that  their  theoretical  esti- 
mates closely  matched  experimental  results. 

Next,  through  an  industry-government  partnership, 
Sandia  began  using  the  computer  model  to  help  evaluate 


designs  for  a  commercial  pulse  combustor.  Working  with 
Lennox  Industries  Inc.,  CarroUton,  Texas,  Sandia  re- 
searchers first  studied  several  design  ideas  using  their 
model.  (Sandia  researchers  have  also  worked  with  other 
U.S.  companies  and  universities.)  Later,  they  examined 
a  prototype  combustor  evolved  from  the  modeling  work 
at  the  CRF.  An  industrial  fellowship  from  the  U.S. 
Department  of  Energy  (DOE)  enabled  Lennox  to  ship 
the  prototype  to  the  CRF  and  send  engineers  there  to 
help  in  the  evaluation  effort. 

Using  information  gained  from  this  evaluation, 
Lennox  is  at  work  designing  and  fabricating  an  im- 
proved pulse  furnace  destined  for  manufacture  in  the 
1990s,  says  Hal  H.  Rhea,  Lennox  vice  president  for 
research  and  development.  n 
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Improved  Thermal-Switch  Disks  Protect  Batteries 

Insulating  washers  hold  disks  in  place  to  prevent  additional  short  circuits. 


Improved  thermal-switch  disks  help  to 
protect  electrical  batteries  against  high 
currents  like  those  due  to  short  circuits  or 
high  demands  for  power  in  the  circuits  sup- 
plied by  the  batteries.  By  protecting  against 
overcurrents,  the  thermal-switch  disks  also 
protect  batteries  against  excessive  tem- 
peratures. For  example,  short-circuit  tests 
of  commercial  alkaline  cells  have  resulted 
in  temperatures  above  150°C. 

The  disks  (Polyswitch  or  equivalent) 
contain  a  conductive  polymer  that  under- 
goes an  abrupt  increase  in  electrical  resist- 
ance when  excessive  current  raises  its 
temperature  (or  the  ambient  temperature 
rises)  above  a  specific  point.  After  cooling, 
the  polymer  reverts  to  low  resistance. 
Thus,  unlike  conventional  fuses,  the  disks 
can  be  reused. 

A  disk  is  placed  between  the  central 
positive  button  contact  of  one  cell  and  the 
negative  contact  surface  of  the  next  cell  in 
series.  A  disk  of  the  conventional  design 
consists  of  a  layer  of  polymer  coated  on 
both  faces  with  stainless  steel.  Its  current 
rating  depends  on  its  diameter  and  thick- 
ness. Because  it  is  expensive  to  make  the 
changes  in  machinery  necessary  to  change 
the  thickness,  the  current  rating  is  usually 
set  in  manufacturing  by  the  choice  of  di- 
ameter. 

Whether  or  not  the  diameter  of  the  disk 
is  as  large  as  that  of  the  battery  compart- 
ment, the  metal  faces  of  the  disk  can  make 
a  short  circuit  with  the  conductive  wall  of 
the  battery  compartment  if  the  disk  is  dis- 
lodged from  its  nominal  position  by  vibra- 
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The  Thermal-Switch  Disk  is  centered  by  an  Insulating  fiberglass  washer. 


tion  or  shock.  Furthermore,  if  the  disk  has  a 
very  small  diameter,  dislodgment  may  or 
may  not  cause  a  short  circuit,  but  in  any 
case  can  result  in  loss  of  the  protective 
function. 

In  the  improved  thermal  switch  (see  fig- 
ure), the  disk  is  mounted  centrally  on  an 
electrically  insulating  fiberglass  washer 
and  bonded  to  it  by  a  Hysol  (or  equivalent) 
structural  adhesive.  The  hole  in  the  washer 
accommodates  the  positive  button  con- 
tact of  one  cell,  while  the  negative  end  of 
the  other  cell  makes  flush  surface  contact 
with  the  disk.  The  outer  diameter  of  the 
washer  is  slightly  less  than  that  of  the  bat- 
tery compartment.  Thus,  the  washer  holds 
the  disk  in  position,  preventing  both  the 
loss  of  the  protective  function  and  short  cir- 
cuits to  the  wall. 

This  work  was  done  by  Eric  Darcy  and 


Bobby  Bragg  of  Johnson  Space  Center 

No  further  documentation  is  available. 
This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel.  Johnson  Space  Center.  Refer  to 
MSC-21428/TN. 

Lyndon  B.  Johnson 
Space  Center 
Technology  Utilization 
Officer:  Dean  C  Glenn 
Mail  Code  IC-4 
Houston.  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 
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Mobile  Centers  for  Secondary  Power  Distribution 

Power  sources  on  wheels  would  need  only  short  cables  to 
equipment,  reducing  hazards  and  obstacles. 


A  concept  for  the  distribution  of  60-Hz 
ac  power  in  a  large  building  devoted  to  the 
assembly  and  testing  of  equipment  would 
improve  safety,  reduce  the  number  of  out- 
lets and  lengthy  cables,  and  readily  ac- 
commodate frequent  changes  in  opera- 
tions and  configuration.  According  to  the 
concept,  power  would  be  fed  from  floor  re- 
cesses by  cable  to  secondary  distribution 
centers  in  the  areas  (see  figure).  Instead  of 
being  mounted  in  fixed  locations  on  the 
floor,  the  power  panels  would  be  in  carts 


and  could  be  moved  close  to  the  equip- 
ment under  test;  multiple  long  cables  on 
the  floor  would  not  be  needed.  One  cart 
would  furnish  25  kVA  of  power 

Where  ordinary  industrial  loads  are  to 
be  supplied,  they  could  be  connected 
directly  to  carts.  For  computers  and  other 
equipment  susceptible  to  minor  transient 
variations  in  voltage,  instrumentation 
power  isolated  from  the  commercial  power- 
lines  would  be  provided.  Two  sources  of 
power,  industrial  and  instrumentation. 


would  be  available  to  these  carts.  The  in- 
strumentation power  would  meet  tighter 
standards  to  feed  computers  and  delicate 
instruments.  The  industrial-grade  power 
would  be  suitable  for  power  tools  and  other 
hardware.  Three-phase  and  single-phase 
outlets  would  be  available  from  each. 

This  work  was  done  by  Robert  L  Mears 
of  McDonnell  Douglas  Space  Systems  Co. 
for  Kennedy  Space  Center. 
KSC-11410/TN 
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Power  From  Floor  Recess  would  be  fed  via  an  unobtrusive  cable  to  a  portable  power  management  center.  The  center,  a  cart  contain- 
ing a  variety  of  outlets  and  circuit  breakers,  could  be  wheeled  to  a  convenient  location  near  equipment  to  be  assembled  or  tested. 
The  power  distribution  system  would  present  a  larger  range  of  operational  configurations  than  a  fixed  location. 
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Advanced  Turbine  Blade  Tips 


The  high  pressure  turbine  of  modern 
aircrafl  engines  is  designed  to  have  an 
absolute  minimum  of  radial  clearance 
between  the  turbine  blade  tips  and  the 
opposing  stationary  shroud.  Corrosion 
resistant  coatings  are  also  applied  to  the 
blade  tips  to  protect  them  from  environ- 
mental influences  and  maintain  their 
integrity.  Nevertheless,  as  a  result  of 
manufacturing  variations  and  engine 
operation,  interference  between  the  blade 
tips  and  shroud  can  occur.  When  this 
happens,  the  shroud  material  normally 
removes  blade  tip  material  and  blade  tip 
material  is  transferred  to  the  shroud 
surface.  Build-up  on  the  shroud  results 
in  additional  shroud  intrusion  into  the 
path  of  the  turbine  blade  tips.  The  result- 
ing material  loss  from  the  blade  tips 
increasesthetipclearance  and  removes 
their  protective  coating. 

Engine  experience  has  shown  that  a 
typical  tip  loss  on  high  pressure  turbine 
blades  of  up  to  0.030  inches  can  occur 
as  a  result  of  shroud  to  blade  rubs. 
Similar  material  loss  can  be  caused  by 
oxidation,  corrosion  and  thermal  fatigue 
precipitaied  by  the  rubbing  away  of  the 
blade  tips'  protective  coating.  In  the 
F404  engine,  used  to  power  the  F/A-1 8 
Hornet,  each  0.010  inches  of  tip  clear- 
ance loss  results  in  an  increase  in  spe- 
cific fuel  consumption  of  0.7  percent. 
This  reduction  in  engine  efficiency 
coupled  with  the  degradation  of  the  blade 
tips'  material  properties  necessitates 
earlier  than  necessary,  and  complex 


overhaul  and  repair  procedures.  In  many 
cases,  degradation  is  so  extensive  that 
the  turbine  blades,  which  can  cost  $1 ,000 
or  more,  cannot  be  adequately  repaired 
and  are  scrapped. 

Recognizingthenecessityof  address- 
ing this  problem,  the  NAVAIR  MANTECH 
Program  Office  sponsored  a  project 
(Number  A0747)  with  the  General  Elec- 
tric Company,  Evendale,  OH.  The  ob- 
jective of  the  project  was  to  scale-up  an 
advanced  turbine  blade  tip  system  from 
feasibility  demonstration  to  a  pilot  line 
manufacturing  capability  for  new  and 
service-worn  blades.  Reduced  blade 
degradation  would  be  achieved  through 
the  application  of  an  improved  material 
at  the  tip  of  the  blade.  The  material 
selected  would  have  excellent  environ- 
mental resistance  and  enhanced  ther- 
mal fatigue  resistance. 

A  number  of  materials  and  applica- 
tion processes  were  evaluated  during 
the  course  of  the  project.  The  material 
selected  is  a  GE-propnetary  superalloy- 
type  of  alloy  called  PS6M.  A  powder 
form  of  this  material  is  built-up  on  the 
blade  tip  through  a  single-pass,  com- 
puter-controlled, blade-following  laser 
welding  process  which  fuses  the  PS6M 
powder  in  a  near-net  shape  on  the  blade 
tipwith  a  minimum  of  post-wekj  clean  up. 
A  statistically  designed  (Taguchi  Method) 
parameter  evaluation  was  used  to  opti- 
mize the  powder  feed  rate,  laser  power, 
preheat  temperature  and  weld  speed 
parameters. 
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Tests  show  that  the  laser  fused  envi- 
ronmental tip(LFET)  system  meets  all 
tensile  and  stress  rupture  goals,  has 
four-times  the  oxidation  resistance  of  the 
blade  alloy  (Rene'SOH),  and  has  compa- 
rable corrosion  resistance.  A  demon- 
stration of  the  project  results  was  con- 
ducted in  early  February,  1 990.  Afoliow- 
on  project  is  planned  to  automate  the 
laser  welding  process  with  a  goal  of 
producing  20  LFET  blades  per  hour  at  a 
cost  of  $60  per  blade. 
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Miniature  Pan-and-Tilt  Mechanism 


Keywords:  Closed-circuit  television;  miniature 
pan-and-tilt  mechanism;  hostile  environments 

A  compact,  lightweight,  high-torque  pan-and-tilt 
mechanism  has  been  developed  by  researchers 
in  ORNL's  Fuel  Recycle  Division,  It  is  used  to 
position  the  closed-circuit  television  cameras 
attached  to  ORNL's  Advanced  Servomanipulator 
(ASM).  Because  the  ASM  was  developed  for 
repair  work  in  hostile  environments,  this  new 
device  is  corrosion-resistant  and  hardened  against 
radiation.  Although  it  is  only  about  half  the  size 
and,  at  1 1 1/4  lb,  half  the  weight  of  conventional 
pan-and-tilt  mechanisms,  it  can  deliver  the  same 
amount  of  torque. 

The  two-piece  housing  design  allows  ease  of 
assembly  and  disassembly.  An  aluminum  housing 
and  small,  high-strength  stainless  steel  gears  are 
used  to  keep  the  unit  as  lightweight  as  possible 
and  to  provide  stability  in  radioactive  and  corrosive 
environments.  The  mechanism  is  constructed 
around  a  motor-driven  gear  differential  that  has 
two  degrees  of  freedom  (Fig.  1 ).  The  pan  axis  is 
through  the  axis  of  the  two  large  bevel  gears.  The 
tilt  axis  intersects  the  pan  axis  at  a  90°  angle.  The 
maximum  angular  travel  is  *90  for  panning  and  is 
continuous  for  tilt  (or  vice  versa,  depending  on  the 
orientation  of  the  mechanism).  On-board 
potentiometers  provide  encoding  for  accurate 
positioning  of  the  camera. 

The  two  high-torque  gear-reduction  drive  motors 
are  enclosed  within  the  housing.  These  motors 
drive  the  large  bevel  gears  of  the  differential 
independently.  The  gears  are  supported  on 


Fig.  1.  The  ORNL  miniature  pan-and-tilt  mechanism. 
The  housing  wall  is  detached  to  illustrate  the 
mounting  of  the  pan-and-tilt  potentiometers  on  the 
inside  of  the  side  walls  and  to  show  that  they  are 
driven  by  a  pair  of  antibacklash  spur  gears.  The 
potentiometers  provide  pan-and-tilt  position 
encoding  for  accurate  positioning  of  the  camera. 


bearings  that  fit  into  holes  in  the  side  walls  of  the 
housing.  The  unit  used  on  the  ASM  is  powered  by 
two  24-V  dc  permanent-magnet  motors,  providing 
150  in. -lb  of  torque  and  rotational  speeds  between 
1  and  20  s  as  measured  at  the  pan  and  tilt  axes. 
These  motors  can  easily  be  interchanged  with 
others  that  allow  for  various  output  torques  and 
speeds. 
This  new  device  would  be  the  mechanism  of 
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choice  for  both  government  and  private  industry 
anytime  space  is  limited,  weight  is  to  be  reduced, 
and  the  environment  is  hostile.  Government 
applications  include  nuclear  fuel  reprocessing, 
nuclear  reactor  cleanup  and  maintenance,  space 
station  assembly  and  maintenance,  and 
explosive-weapons  disarmament.  Commercial 
applications,  such  as  deep-sea  exploration  and 
maintenance  operations,  video  feedback  in 
confined  areas,  and  surveillance  monitoring,  are 
also  possible. 


No  further  documentation  is  available  for 
thiis  technology. 

Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 

Telephone:  (615)  574-4192;  FTS  624-4192 


( 


c 


w/wwwwww///ww/ww/w////wwv//vwm 


Technology  Application 


Oak  Ridge  National  Laboratories 
Bulletin  Number  705 


A  Ternary  Nitrate  Solution  for  Absorption  Heat  Pump 
Working  Fluids 


Key  words:  Absorption  heat  pump;  working  fluid; 
ternary  nitrate  mixture;  lithium  bromide  solution; 
corrosion  resistance;  carbon  steel;  stainless  steel 

A  new  aqueous  ternary  mixture  is  available  for 
high-temperature  heat  pump  applications.  This 
solution  (53  wt  %  LiN03,  28  wt  %  KNO3,  ^'^^ 
19  wt  %  NaNOg)  has  been  developed  as  a 
working  fluid  for  absorption  heat  pumps.  It  has  the 
potential  for  producing  higher  coefficients  of 
performance  (COPs)  than  conventional  lithium 
bromide  (LiBr)  solutions  although  the  limits  of 


applicability  of  the  two  fluids  are  different.  For 
example,  the  ternary  nitrates  cannot  compete  with 
LiBr  in  lower-temperature  lift  regimes,  whereas  a 
ternary  nitrate  mixture  may  be  used  at  a  boost 
temperature  of  260  C,  which  is  about  80  C  higher 
than  that  demonstrated  with  LiBr.  However,  a 
common  region  exists  where  useful  comparisons 
can  be  made,  and  research  has  begun  at  ORNL  to 
determine  the  advantages  and  limitations  of 
ternary  nitrate  mixtures. 

A  computer  study  was  carried  out  to  compare 
the  potential  performance  of  the  ternary  nitrate 
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1.  Comparison  of  coefficient  of  performance  and  temperature  lift  for  ternary  nitrate  mixtures 
LiBr. 
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Table  1.  Data  summary  for  constant-strain-rate  tests  run  in  nitrate  salts 
(80%  concentration  at  250  C) 


Material 
type 


Specimen  Total  average  Strain 

strain  (%)  rate  (min')  (h) 


Duration 


A106B 

AB-4 

8.05 

6.7  X  10-5 

20 

A106B 

AB-5 

6.15 

1.6  X  10  = 

65.5 

304L 

1-SS 

a 

6.7  X  10" 

20 

304L 

3-SS 

6.00 

1.67  X  10  5 

66 

"  Not  determined. 

"Estimated  from  specimen  AB-4  run  under  identical  conditions. 


solution  with  that  of  LiBr  in  a  temperature-amplifier 
heat  pump  for  high-temperature  applications.  This 
study  is  valuable  as  a  best-guess  approximation, 
based  on  extrapolations  into  the  area  of  interest, 
until  experimental  measurements  can  be  made  for 
several  parameters.  In  this  study,  pressure- 
composition-temperature  data  and  specific 
enthalpy-concentration-temperature  data  in  the 
form  of  correlated  polynomial  expressions  were     , 
used  to  simulate  results  of  a  heat  pump  with  the 
respective  solutions  as  working  fluids.  Results  of 
the  study  indicate  that  the  ternary  nitrate  mixture 
potentially  has  about  a  10%  advantage  in  COP 
(Fig.  1)  and  a  15%  advantage  in  temperature  lifts 
over  aqueous  LiBr  at  high  temperatures. 

The  encouraging  results  of  this  study  led  to 
further  research  in  which  several  materials  were 
tested  for  corrosion  resistance  in  the  presence  of 
high-temperature  ternary  nitrate  mixtures  at 
170  to  260  C.  The  corrosion  study  showed  that 
A106B  carbon  steel  and  304L  stainless  steel  can 
be  recommended  as  structural  materials  for 
vessels  and  piping  over  the  entire  temperature 
range.  As  shown  in  Table  1 ,  these  materials  are 
resistant  to  stress-corrosion  cracking  under 
deformation  when  subjected  to  very  aggressive 
test  conditions.  These  materials  also  have  low 
corrosion  rates  (<1  mil/year)  when  exposed  to 
static  ternary  nitrate  mixtures  at  temperatures  up 


to  260  C.  More  testing  is  needed  to  determine 
corrosion  rates  and  system  performance  under 
actual  working  conditions. 

Other  research  topics  need  to  be  pursued  to 
adequately  understand  the  performance  of  these 
fluids.  For  example,  the  absorber  film 
heat-transfer  coefficient  and  the  extent  of 
subcooling  are  critical  pieces  of  information  that 
must  be  measured  experimentally  to  quantify 
accurately  the  advantage  that  one  fluid  has  over 
the  other  in  the  temperature  regimes  of  interest. 


M.  R.  Ally,  Computer  Simulation  of  Absorption  Heat 
Pump  Using  Aqueous  Lithium  Bromide  and  Ternary 
Nitrate  Mixtures,  ORNL/TM-10392,  Oak  Ridge 
National  Laboratory  (June  1988). 

J.  H.  DeVan  and  J.  S.  Wolf,  Corrosion  of  Materials  in 
Chemical  Heat  Pump  Working  Fluids,  ORNL/TM-1 0896, 
Oak  Ridge  National  Laboratory  (November  1988). 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 

Telephone:  (615)  574-4192;  FTS  624-4192 
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Technology  Application 


Sandia  National  Laboratory 


Robot,  Sensor  Stations  Increase  Security  at  Remote  Sites 


Sandia  National  Laboratories  has  developed  a  ver- 
satile security  system  that  can  he  moved  from  place  to 
place  to  detect  intruders  at  remote  sites.  It  includes  a 
radio-controlled  reconnaissance  vehicle,  an  unmanned 
portable  security  sensor  station,  and  an  integrated  con- 
trol console. 

Potential  applications  of  the  Remote  Security  Sta- 
tion (RSS)  system  include  protection  of  both  fixed  and 
temporary  sites.  Its  mobility  makes  it  ideally  suited  to 
situations  where  more  permanent  security  systems  are 
impractical.  RSS  also  can  increase  the  effectiveness  of 
guard  staffs  while  adding  an  element  of  unpredictability 
for  a  would-be  intruder  at  a  fixed  site. 

Small  enough  to  be  hauled  in  a  [)i<kup  truck,  the 
portable  security  sensor  station  is  equipped  with  intru- 
sion sensors  and  has  the  capability  to  transmit  data  back 
to  the  control  console  more  than  a  mile  away.  The 
station,  which  is  mounted  on  a  platform  that  can  tilt  and 
revolve  to  adjust  to  the  field  of  view,  also  has  weather 
sensors  that  measure  wind  speed,  temperature,  light 
level,  and  the  presence  of  precipitation. 

The  station's  sensor  suite  consists  of  a  passive  infra- 
red motion  sensor,  a  video  camera,  a  near-infrared 
spotlight,  a  ground  surveillance  radar,  and  four  micro- 
phones. One  micr<)[)hone  is  used  for  listening  while  the 
other  three — placed  on  the  ground  in  a  triangular 
array — serve  as  acoustic  sensing  devices  that  further 
define  the  type  and  direction  of  a   noise  source.  The 


\ideo  camera  is  used  to  detect  moi.ion  in  concert  with  a 
dedicated  computer,  which  converts  changes  in  video 
image  pixels  into  computer  bits  for  analysis. 

I'he  infrared  sensor  detects  heat  emitted  from  ob- 
jects in  the  same  manner  in  which  an  eye  detects  visible 
light,  and  the  radar  measures  motion  and  distance  by 
bouncing  microwaves  off  an  object.  Although  the  intru- 
sion sensors  have  varying  degrees  of  sensitivity  to 
weather  phenomena,  no  single  condition  affects  all 
sensors. 

The  portable  station's  control  unit  houses  a  micro- 
processor system,  power  sui)ply,  electronics  for  the 
ground  surveillance  radar,  and  fiber-optic  transmitters 
(hat  communicate  with  the  control  console. 

The  mobile  security  station  is  called  Thomas  tfor 
TMSS,  the  acronym  for  Telemanaged  Mobile  Security 
Station).  Based  on  a  Honda  350  four-wheel-drive  all- 
terrain  vehicle,  it  has  an  onboard  computer,  electric 
actuators,  a  video  camera,  and  radio  links  that  relay 
sensor  and  video  information  to  the  distant  control 
console  and  allow  the  console  operator  to  control  the 
vehicle.  Using  a  television  monitor  and  joy  stick  and 
switches,  the  operator  can  steer,  accelerate,  and  brake 
Thomas  from  the  console. 

Thomas  adds  versatility,  mobility 

"Thomas  gives  the  system  a  versatility  that  we  could 
not  attain  with  just  the  portable  station,"  explains  Bryan 


Sandia  engineer  Bryan 
Pletta  sets  up  a  porta- 
ble security  sensor  sta- 
tion. In  concert  with  the 
Thomas  robotic  vehicle 
(left),  which  also  has 
radio-link od  sensors, 
the  s  t  a  t ;  0  n  can  t)  e 
moved  from  place  to 
place  to  provide  addi 
tional  security  tor  n? 
mote  sites 
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Pletta,  the  Sandia  engineer  coordinating  the  project.  "If 
an  intruder  were  in  a  ravine  or  behind  cover,  it's  quite 
likely  that  the  portable  station's  video  camera  could  not 
pick  him  up.  Thomas  could  be  used  to  scout  the  area 
while  the  console  operator  remained  in  a  safe  location." 

Thomas  has  the  same  sensors  as  the  portable  station 
except  there  are  no  weather  or  acoustic  sensors.  Also, 
rather  than  the  long-range  military  radar  on  the  porta- 
ble station,  Thomas  has  a  less  expensive  commercially 
available  microwave  sensor.  The  Thomas  camera  and 
sensor  suite  is  mounted  on  a  pneumatic  mast  that  can  be 
raised  to  a  maximum  height  of  10  feet  for  surveillance 
while  the  rest  of  the  vehicle  remains  hidden  behind 
cover. 

The  central  control  console  integrates  the  system's 
security  and  teleoperations  functions.  It  is  the  means  by 
which  the  operator  manipulates  the  system  components, 
and  it  has  software  that  combines  sensor  signals  to  aid  in 
the  rejection  of  nuisance  alarms. 

The  control  console  depicts  the  area  surrounding 
each  security  station  as  being  divided  into  12  equal 
wedges.  Raw  alarms  from  the  individual  sensors  are 
reported  to  the  host  computer,  which  then  assigns  a 
weighted  value  to  each  alarm  representing  its  believabil- 
ity  based  upon  the  prevailing  environmental  conditions. 


High  alarm  values  indicate  that  environmental  condi- 
tions are  favorable  for  a  particular  sensor  while  lower 
values  indicate  detrimental  conditions.  The  wedge 
threshold  is  then  compared  with  the  weighted  sum  of 
raw  alarms  occurring  within  that  wedge  at  any  one  time. 
Alarms  get  passed  to  the  operator  only  when  this 
weighted  sum  is  greater  than  the  wedge  threshold. 

Several  enhancements  are  planned  for  the  remote 
security  station.  These  include  advanced  sensor  process- 
ing techniques  utilizing  neural  networks,  secure  and 
covert  radio  frequency  communication  links,  computer 
software  additions  that  would  allow  Thomas  to  patrol  a 
fixed  site  autonomously,  and  upgrading  the  system 
capacity  to  allow  one  control  console  to  integrate  with  up 
to  five  sensor  stations  or  vehicles. 


FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207 

Refer  to  announcement  25  No.  4 


New  Technology  from  the 
U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior    U.S.  Bureau  of  Mines 


Antlcollision  Systems  for  Large  Mine-Haulage  Trucks 


Objective 

Prevent  collisions  between  large  mine-haulage  trucks 
and  smaller  vehicles  parked  in  areas  not  visible  to  the 
haulage-truck  operator. 

Approach 

Two  electronic  systems  were  developed  to  detect  the 
presence  of  vehicles  in  the  blind  areas  of  a  parked  haulage 
truck.  The  systems  can  warn  haulage-truck  operators  of 
presence  of  vehicles  that  are  blocked  from  view.  The  sys- 
tems do  not  apply  for  trucks  in  travel. 

How  It  Works 


The  systems  use  electronic  transmitting  techniques-one 
system  is  based  on  low-frequency  radio  waves  and  the 
other  on  very-high-frequency  radio  waves.  Each  system  re- 
quires that  a  signal  transmitter  be  mounted  on  the  smaller 
vehicle  to  be  detected.     Continuous  signals  from   this 


transmitter  are  sensed  by  receiving  antennas  mounted  on 
the  right  front  and  rear  of  the  large  haulage  truck.  Upon 
receiving  a  signal,  the  receiver  cncrgi/es  warning  lights  and 
a  buzzer  in  the  cab  of  the  haulage  truck,  alerting  the 
operator  to  a  possible  collision  hazard.  Detection  distance 
is  adjustable,  depending  upon  the  size  of  the  haulage  truck, 
but  a  minimum  of  30  feet  was  the  design  goal. 

Test  Results 

In-mine  testing  and  debugging  of  each  system  took 
place  over  several  years  at  both  surface  metal  and  surface 
coal  mines.  Each  system  type  performed  well  and  ac- 
complished the  goal  of  monitoring  the  blind  areas  of  a 
parked  haulage  truck.  During  testing  the  low-frequency 
system  prevented  a  possible  accident  by  alerting  a  haulage- 
truck  operator  to  the  presence  of  a  pickup  in  the  blind 
area  of  the  truck. 

The  systems  tested  address  only  the  problem  of  relative- 
ly restricted  blind  areas  around  large  mine-haulage  trucks. 
The  detection  distances  are  intended  to  be  small,  which 
restricts  the  systems  to  use  when  the  haulage  truck  first 
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Vehicles  In  the  blind  areas  o(  large  mino-haulaga  trucks  represent  a  potential  collision  hazard  11  their  presence  Is  undetected 
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starts  moving. 

Each  system  offers  an  approach  to  collision  protection. 
Additional  system  improvements  with  respect  to  costs, 
maintenance,  and  ruggedness  would  be  desirable,  and 
further  private  sector  product  development  efforts  are 
recommended. 


Patent  Status 

The  United  States  Department  of  the  Interior  is  not 
applying  for  a  patent  on  this  development. 


For  More  Information 

More  information  on  the  Bureau's  hardware  devel- 
opment and  in-mine  evaluation  is  available  in  Report  of 
Investigations  (RI)  9212,  "Anticollision  Systems  for  Large 
Mine-Haulage  Trucks."  For  single  copies  of  this  RI  or 
additional  technical  information,  contact  the  principal 
investigator: 

Russell  E.  Griffm 

Twin  Cities  Research  Center 

U.S.  Bureau  of  Mines 

5629  Minnehaha  Avenue  South 

MinneapoUs,  MN  55417-3099 

(612-725-4631) 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior    U.S.  Bureau  of  Mines 


BIO-FIX  BEADS  Clean  Metal  Ions  from  Mining  Effluent 


--Cheap  Method  Works  On 
Processing  Waste  Streams 
Too 

The  U.S.  Bureau  of  Mines 
has  developed  porous 
polymeric  beads  containing 
immobilized  biological 
materials  that  readily  re- 
move metal  ions  from 
mining  and  mineral  pro- 
cessing mine  waters.  Ions 
removed  include  arsenic, 
cadmium,  copper,  lead, 
manganese,  mercury,  and 
zinc. 

The  beads,  designated  as 
BIO-FIX  beads,  are  easily 


fabricated  from  abundant 
and  inexpensive  raw  mate- 
rials. High  density  polysul- 
fone  is  dissolved  into  di- 
methylfonmamide  (DMF), 
blended  with  dried  dead 
biomass  materials,  injected 
into  water,  and  cured  for  16 
hours.  The  beads  strongly 
resist  handling  and  demon- 
strate long-term  stability. 


BIO-FIX  bead  technology 
was  tested  in  the  laboratory 
using  actual  mine  drainage 
water.  Both  active  and 
passive  systems  were 
evaluated. 


Bio-Fix  Beads  used  to  remove  metal  contami- 
nates from  wastewaters. 
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Cross  sectional  photograph  (24X  magnification) 
of  a  Polysulfone  Bead  containing  Immobilized 
Biomass. 


The  active  system  utilized 
three  fixed-bed  columns 
packed  with  beads.  Eighty 
bed  volumes  of  mine  water 
were  processed  during 
each  cycle,  at  a  flow  rate  of 
30  bed  volumes  per  hour. 
The  treated  effluent  consis- 
tently met  National  Drinking 
Water  Standards. 

The  passive  system  con- 
sisted of  beads  contained 
in  porous  bags  that  were 
positioned  in  a  trough. 
Mine  water  flowed  through 
the  trough  by  gravity,  and 
the  beads  extracted  essen- 
tially all  metal  ions  from  the 
mine  water.  Again,  Na- 
tional Drinking  Water  Stan- 
dards were  met. 

Dilute  sulfuric  acid  effec- 
tively stripped  the  metal 


values  from  the  BIO-FIX 
beads  in  each  system. 
Eluate  solutions  contained 
about  200  times  as  much 
zinc,  cadmium,  and  other 
metal  ions  as  the  original 
mine  waters.  The  metal 
ions  were  further  concen- 
trated by  evaporation  in 
order  to  enable  producers 
to  reclaim  the  metal  values. 
Reclamation  avoided  the 
generation  of  a  hazardous 
sludge,  and  the  problem  of 
disposing  of  it. 

Field  tests  are  being 
planned. 


For  additional  information,  contact: 

Office  of  Technology  Transfer 

U.S.  BUREAU  Bureau  of  f^^ines  -  MS  6201 

2401  E  Street  NW 

Washington,  DC  20277-2666 

Refer  to  Spring  90,  No.  1 
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U.S.  Department  of  the  Interior    U.S.  Bureau  of  Mines 


Paper  Mill  Sludge  Binds  Iron  Ore  Concentrate 


Using  waste  paper-mill 
sludge  as  an  agglomeration 
binder  and  a  porosity 
builder  for  concentrating 
taconite  showed  good 
promise  in  the  laboratory. 
Because  the  papermill 
sludge  has  virtually  no 
value,  its  use  could  be  cost 
effective.  Twice  as  much 
dry  weight  of  sludge  is 
needed  as  bentonite,  but  it 
gives  better  metallurgical 


results.  The  results  of  this 
study  are  described  in  Rl 
9257  "Utilization  of  Paper- 
mill  Sludges  as  Binder  for 
Iron  Ore  Concentrate." 


For  additional  information,  contact; 
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Back-to-Back,  Counterrotating  Turbopumps 

Two  pumps  in  one  package  deliver  high  pressures. 


A  pair  of  counterrotating  turbopurnps  is 
mounted  back  to  back  in  a  novel  one-piece 
volute  housing.  The  housing  serves  as  a 
spool  piece  into  which  the  two  pumps  are 
inserted,  one  from  each  end.  The  pump 
package  was  designed  to  provide  fuel  and 
oxidizer  to  a  rocket  engine  at  high  pres- 
sures; modified  versions  might  be  useful  in 
providing  other  two-fluid  high-pressure 
flows  or  redundant  high-pressure  flow  of  a 
single  fluid. 

In  other  turbopump/engine  designs,  the 
two  turbopumps  are  driven  by  individual 
turbines  and/or  flows  from  common  gas 
generators  and  packaged  as  individual 
units.  Typically,  the  flow  of  driving  gas  is 
ducted  from  one  pump  to  the  other  This  re- 
quires a  duct  or  ducts  for  the  hot  gas  and 
adds  turbine  stages  and  airfoils  to  each 
pump. 

In  the  new  pump  package  (see  figure), 
the  housing  includes  the  turbine  inlet  and 
outlet  volutes.  Each  pump  is  independent 
of  the  other  and  contains  its  own  turbine, 
which  shares  the  housing  with  the  turbine 
of  the  other  pump.  Thus,  in  effect,  the  hous- 
ing contains  a  common  turbine  that  is  split 
into  two  independent,  counterrotating 
parts. 

The  hot  gas  that  powers  the  turbine  en- 
ters through  the  inlet  volute  at  position  1 
and  travels  through  the  first  turbine  stage 
at  position  2  to  power  the  fuel  pump.  The 
flow  continues  through  the  second  stage  at 


Turbine 

Outlel 

Volute 


Fuel-Pump 
Outlet 
Volule 


Oxldlzer-Pump 
Outlet  Volute 


The  Back-to-Back  Turbines  of  the  two  turbopumps  share  the  single  turbine  housing, 
which  contains  the  turbine  inlet  and  outlet  volutes. 


position  3  and  leaves  through  the  exit  vo- 
lute at  position  4. 

This  scheme  for  the  packaging  of  the 
turbopumps  enables  easy  replacement  of 
each  pump/turbine  assembly.  The  two  tur- 
bines, when  installed  together  in  the  spool 
piece,  are  sealed  with  piston  rings. 

This  work  was  done  by  Alfred  M.  Palgon, 
Bruce  R.  Branstrom,  and  Frank  N.  Burgyof 
United  Technologies  Corp.  for  Marshall 
Space  Flight  Center.  No  further  docu- 
mentation is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  (Marshall 


Space  Flight  Center. 
Refer  to  (\AFS-28349/TN 

George  0.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mall  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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Combination  of  Techniques  for  Computing  Incompressible  Flow 

Pseudocompressibility,  upwind  differencing,  and  other 
techniques  are  used  to  solve  the  Navier-Stokes  equations. 


A  scheme  for  the  finite-difference  nunner- 
ical  solution  of  the  two-dimensional  Navier- 
Stokes  equations  of  incompressible  flow 
combines  several  recently  developed  meth- 
ods, each  of  which  was  developed  to  in- 
crease the  speed  and/or  accuracy  of  com- 
putations of  this  kind.  Notable  among  the 
methods  incorporated  into  this  scheme  is 
that  of  pseudocompressibility,  in  which  the 
incompressible  fluid  is  considered  to  have 
a  small  artificial  compressibility 

The  Navier-Stokes  equations  are  written 
in  the  form  of  conservation  laws  in  non- 
dimensional  variables.  A  derivative  of 
pressure  with  respect  to  pseudotime  is 
added  to  the  equation  of  continuity  to  cou- 
ple the  pressure  directly  to  the  velocity 
Iterations  are  performed  to  obtain  the 
divergence-free  velocity  field  that  satisfies 
the  equation  of  continuity.  The  equations 
are  then  advanced  to  the  next  step  in  physi- 
cal time,  and  the  iterations  are  performed 
in  pseudotime  until  a  divergence-free  ve- 
locity field  is  obtained  again. 

An  upwind-differencing  scheme  based 
on  flux-difference  splitting  is  used  to  com- 
pute the  convective  terms.  Upwind  dif- 
ferencing increases  the  speed  of  computa- 
tion by  making  the  numerical  process 
more  stable.  The  upwind  differencing  is 
biased  on  the  basis  of  the  sign  of  the  local 
eigenvalue  of  the  Jacobian  matrix.  Third-  or 
fifth-order  spatial  accuracy  is  maintained 
throughout  the  interior  points  of  the  grid. 

Equations  are  solved  in  an  implicit  line 
relaxation  scheme.  This  scheme  is  stable 
and  can  accommodate  large  steps  in  pseu- 
dotime, leading  to  fast  convergence  at 
each  step  in  physical  time.  Implicit,  nonre- 
flective  boundary  conditions  based  on  the 
method  of  characteristics  enable  the 
placement  of  the  boundary  relatively  close 
to  the  txxjy  about  which  the  flow  is  comput- 
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The  Flow  In  a  One-Dlmenslonal  Channel  with  oscillating  back  pressure  was  computed  by 
the  scheme  described  in  the  text  (soi'd  lines)  and  by  the  exact  analytical  solution  to  the 
Navier-Stokes  equations  ( x  marks). 


ed. 

The  scheme  has  been  verified  by  appli- 
cation to  several  flows,  ranging  from  very 
simple  ones  for  which  analytical  solutions 
are  available  (see  figure)  to  more  complex 
flows  that  include  the  shedding  of  vortices 
and  for  which  experimental  data  and  other 
computational  data  are  available.  The  pre- 
dictions of  the  new  scheme  agree  well  with 
the  previously  obtained  analytical,  ex- 
perimental, and  numerical  results. 

This  work  was  done  by  D.  Kwak  of 


Ames  Research  Center  and  S.  E.  Rogers 
of  Sterling  Software.  Furttier  information 
may  be  found  in  AIM  paper  88A-40752. 
"An  Upwind  Differencing  Scheme  for  the 
Time-Accurate  Incompressible  Navier- 
Stokes  EquatKXis" 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Sen/ice  Library.  555  West  57th  Street.  A/ew 
York.  New  York  10019.  Telephone  No. 
(212)247-6500. 
ARC-12257 
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Compact  Sunshade  for  Telescope  Antenna 

An  optical  receiver  could  detect  sources  apparently  close  to  the  Sun. 


A  proposed  built-in  sunshade  would  en- 
able a  large-aperture  reflecting  telescope 
to  view  a  laser  transmitter  apparently  close 
to  the  Sun,  without  adding  excessive  size 
or  mass  to  the  telescope.  With  the  sun- 
shade, a  telescope  would  be  able  to  dis- 
cern signals  from  sources  only  12°  from 
the  line  of  sight  to  the  Sun. 

The  conceptual  sunshade  consists  of  a 
closely  spaced  set  of  hexagonal  tubes  (see 
figure).  The  tut^es  are  positioned  in  front  of 
the  primary  reflector  of  the  telescope  and 
are  aligned  with  their  axes  parallel  to  the 
line  of  sight  of  the  telescope.  The  hexagon- 
al walls  of  the  tubes  correspond  to  the 
edges  of  the  hexagonal  segments  of  the 
primary  reflector  so  that  the  walls  do  not 
obstruct  the  aperture  appreciably 

The  tubes  extend  downward  toward  the 
primary  reflector,  ending  at  the  envelope  of 
the  focused  beam  of  light  from  the  primary 
to  the  secondary  reflector.  The  outer  ends 
of  the  tubes  are  trimmed  so  that  they  fit 
within  a  sphere,  the  diameter  of  which  is 
only  20  percent  greater  than  the  diameter 
of  the  primary  reflector. 

In  contrast,  a  conventional  sunshade 
like  a  visor  would  be  mounted  outside  the 
telescope.  To  enable  a  telescope  10  m  in  di- 
ameter to  view  a  signal  source  within  12°  of 
the  Sun,  a  conventional  sunshade  would 
have  to  be  47  m  long.  A  telescope  equipped 
with  so  long  a  sunshade  would  be  unwieldy 
indeed,  requiring  a  large,  expensive  ob- 
servatory dome. 


Light  From  Source 

In  View 


Sunlight  Stopped 
by  the  Sunshade 


CUTAWAY  VIEW  OF  OBSERVATORY, 
SHOWING  SUNSHADE 


^^^  Sphere  of 

~  ■""*  Rotation 

(■'Swing  Sphere") 
of  Telescope 

CROSS  SECTION  SHOWING  OPTICAL 
SCHEME  OF  TELESCOPE 


The  Telescope  Would  Look  through  the  sunshade  from  behind  and  below  it.  The  tops 
of  the  hexagonal  tubes  would  be  trinnmed  to  a  spherical  shape  corresponding  to  the 
sphere  of  rotation  of  the  telescope.  The  sunshade  could  support  the  secondary 
reflector. 


The  hexagonal  sunshade  structure  would 
be  strong  enough  to  support  the  secondary 
reflector.  A  separate  support  for  the  sec- 
ondary reflector  would  not  be  necessary, 
and  the  mass  and  inertia  of  the  telescope 
would  thus  be  reduced  further. 

So  that  the  telescope  could  track 
sources  within  even  smaller  angles  of  the 
line  of  sight  to  the  Sun,  the  sunshade  could 


be  equipped  with  internal  vanes  running 
the  lengths  of  the  tubes.  The  telescope 
could  then  receive  signals  from  sources 
within  6°  or  even  3°  of  the  apparent  posi- 
tion of  the  Sun. 

This  work  was  done  by  E.  L.  Kerr  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17674/TN 
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Crash-Resistant  Shield 

Thick  aluminum  honeycomb  provides  protection  with  low  weight. 


An  impact-resistant  shield  tnas  been  de- 
signed to  consist  of  an  aluminum  honey- 
comb structure  sandwiched  between  in- 
ner and  outer  aluminum  skins.  The  shield, 
6.275  in.  (15.94  cm)  thick,  is  intended  to 
protect  the  radioisotope  thermoelectric 
generatorof  a  spacecraft  from  impact  with 
ground  or  water  after  free  fall  from  the  up- 
per atmosphere.  The  honeycomb  is  de- 
signed to  absorb  impact  energy  by  buck- 
ling, while  the  inner  and  outer  skins  —  0.15 
and  0.1 25  in.  (0.38  and  0.32  cm,  respective- 
ly) —  are  designed  to  protect  against 
shrapnel,  overpressure,  and  impact  loads. 
The  concept  of  the  shield  may  be  appli- 
cable to  crashproof  compartments  for 
ground  vehicles  and  aircraft. 

The  shield  is  configured  as  a  domed  cy- 
linder that  surrounds  the  radioisotope  ther- 
moelectric generator  (see  figure).  Pieces 
of  honeycomb  are  to  be  welded  together 
into  a  single  unit.  The  outer  skin  is  to  be 
made  in  lapped  sections  and  bonded  to  the 
core  by  adhesive.  A  pad  of  porous  alumi- 
num between  the  inner  skin  and  the  radio- 
isotope thermoelectric  generator  at  the 
front  end  gives  extra  protection  against 
head-on  impact. 

The  shield  is  59.95  in.  (152.3  cm)  long 
and  30.35  in.  (77.09  cm)  in  diameter  The 
density  of  the  honeycomb  is  38  Ib/ft^  (609 
kg/m3).  The  overall  weight  of  the  shield  is 
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The  Crushable  Aluminum  Honeycomb  Surrounds  a  thermoelectric  generator.  The  honey- 
comb is  intended  to  keep  the  generator  intact  in  a  crash  or  explosion. 


629  lb  (285  kg). 

This  work  was  done  by  Charles  H.  Bixler 
of  General  Electric  Co.  for  NASA's  Jet 


Propulsion  Laboratory 

NPO-17616/TN 
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Electrodeposited  Nickel  Reinforces  Outlet  Neck 

Selective  plating  reinforces  the  affected  part. 


Selective  plating  with  nickel  has  been 
used  to  reinforce  the  outlet-neck  assembly 
of  the  combustion  chamber  of  a  rocket  en- 
gine. The  plating  operation  was  performed 
at  the  final  stage  of  assembly.  Other  op- 
tions for  reinforcement  would  require  the 
complete  replacement  of  the  outlet-mani- 
fold assembly  and,  consequently  months 
of  delay 

Selective  plating  for  reinforcement  and/ 
or  repair  has  been  practiced  for  years  in 
both  terrestrial  and  aerospace  applica- 
tions. In  this  particular  application,  the 
stresses  in  the  assembly  were  greater  than 
anticipated.  Selective  plating  provided  a 
relatively  cheap  way  of  thickening  the  met- 
al in  the  affected  regions  to  reduce  the 
stresses  to  acceptable  levels. 

In  preparation  for  plating,  all  of  the  af- 
fected weld  joints  are  polished  flush  with 


the  adjacent  material  to  provide  a  smooth 
plating  surface.  The  areas  not  to  be  plated 
are  covered  with  foam  and/or  otherwise 
masked.  A  plating  cell  is  attached  to  the 
outlet  assembly  (see  figure)  to  provide  the 
required  flow  of  plating  solution.  The  nickel 
is  then  deposited  on  the  assembly  to  a 
thickness  of  about  0.285  in.  (7.2  mm). 

The  deposited  nickel  is  ground  and  pol- 
ished at  its  edges  to  blend  smoothly  into 
the  base  material.  The  integrity  of  the  bond 
between  the  deposited  nickel  and  the  base 
material  is  tested  by  fluorescent-penetrant 
inspection.  As  a  further  test  of  integrity,  the 
deposited  nickel  is  subjected  to  a  pull  test. 

This  work  was  done  by  Theodore  C. 
Adams  and  William  D.  LaRosa  of  Rockwell 
International  Corp.  for  Marshall  Space 
Flight  Center. 
MFS-29447/TN 


A  Plating  Cell  is  Built  around  the  part  to 
be  plated  to  enforce  the  correct  flow  of 
plating  solution. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


971 


(MASATechBnef 


National  Aeronautics  and 
Space  Administration 


Design  of  Robots 
for  Outer  Space 

A  given  design  is  usually 
optimal  only  in  its 
intended  environment. 

A  report  discusses  the  design  of  robots 
for  use  in  zero  gravity  and  vacuum,  w/ith  at- 
tention to  the  differences  between  the  re- 
quirements imposed  on  designs  by  outer 
space  and  by  terrestrial  applications.  Ter- 
restrial robots  are  typically  designed  for 
multiple  purposes  and  for  minimal  cost. 
Outer-space  robots  are  typically  designed 
specialized  to  one  task  where  cost  has  a 
relatively  low  priority  Thus,  a  design  that  is 
optimal  in  one  environment  is  unlikely  to  be 
optimal  in  another 

The  design  of  a  robot  for  outer  space 
must  satisfy  a  number  of  criteria,  some  of 
which  conflict  or  compete  with  each  other. 
With  variations  from  case  to  case,  these 
criteria  include  some  or  all  of  the  following: 
•Low  arm  mass  to  reduce  energy  required 
for  launching  and  for  moving  the  robot, 

•  High  ratio  of  payload  mass  to  arm  mass, 

•  Rigid  arm  for  simplicity  of  control  and  ac- 
curacy of  positioning, 

•  Long  reach, 

•  High  velocity  of  the  robot  hand, 

•  Reliability,  and 

•  Low  power  consumption. 


Mathematically  the  design-optimization 
problem  is  stated  generally  as  the  minimi- 
zation of  a  function  F(x),  where  x  is  an 
n-dimensional  vector  that  represents  the 
design  variables  (e.g.,  the  lengths  of  the 
links)  of  the  robot  arm.  The  constraints  on 
the  design  (e.g.,  reach,  forbidden  zones, 
maximum  loads,  maximum  power  con- 
sumption, or  minimum  speeds)  are  ex- 
pressed in  various  linear  and  nonlinear 
equations. 

For  example,  it  is  desired  to  increase  the 
reach;  this  requires  an  increase  in  power, 
but  minimal  power  consumption  is  also 
desired.  The  designer  might  let  F  be  the 
ratio  of  power  consumed  to  maximum 
reach  and  attempt  to  minimize  F  subject  to 
the  constraint  that  the  power  consumed  lie 
between  a  specified  minimum  and  maxi- 
mum. The  torque  and  power  factors  in  F 
are  obtained  from  the  applicable  equations 
of  statics  and  dynamics  that  describe  the 
loads,  positions,  and  joint  torques  of  the 
robot  arm.  A  numerical  optimization  rou- 
tine is  used  to  find  the  x  that  minimizes  F. 


To  test  the  general  approach,  the  author 
applied  it  to  the  reachAorque  problem  for  a 
terrestrial  robot  kinematically  similar  to 
one  used  in  industry.  Some  of  the  results  in- 
dicate that  the  kinematic  design  is  not  effi- 
cient with  respect  to  power  consumption 
and  that  in  a  gravitational  field,  the  axes  of 
motors  in  those  joints  that  produce  large 
motions  with  large  links  should  be  vertical 
rather  than  horizontal.  Other  results  indi- 
cate that  the  motor-torque  constants 
should  be  higher  than  those  used  in  stand- 
ard industrial  robots.  This  might  be  accom- 
plished by  the  use  of  motors  with  rare-earth 
magnets. 

This  work  was  done  by  Gerald  P.  Roston 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "A  Technique  To  Aid  in  the 
Design  of  Robots  for  Use  In  Space  Ap- 
plications. ' '  NPO- 1 7113/TN. 
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Numerical  Simulation  of 
Buckling  in  Waffle  Panels 

Accurate  results  are 
obtained  when  fillet 
radii  are  considered. 

Two  reports  describe  a  numerical  and 
experimental  study  of  tfie  application  of  the 
PASCO  and  WAFFLE  computer  programs 
to  the  analysis  of  buckling  in  an  integrally 
machined,  biaxially  stiffened  panel  (which 
resembles  a  waffle).  Tfie  waffle  pockets  of 
such  panels  are  machined  with  rounded  fil- 
lets, the  radii  of  which  were  not  taken  into 
account  in  previous  applications  of  PASCXD. 
As  a  result,  previous  panel  designs  were 
overconservative;  that  is,  the  structures 
were  designed  to  be  heavier  than  they  had 
to  be  to  withstand  the  anticipated  buckling 
loads. 

PASCO  (Panel  Analysis  and  Sizing  Code) 
is  a  finite-element  stress-and-strain  code 
written  for  analysis  and  sizing  of  uniaxially 
stiffened  panels.  The  mathematical  model 
of  the  panel  includes  skin  elements  and  as- 
semblies of  thin,  flat,  rectangular  plate  ele- 
ments that  represent  the  stiffening  ribs. 


The  loads  on  each  plate  element  are  calcu- 
lated under  the  assumption  of  uniform 
longitudinal  strain.  The  transverse  load  is 
assumed  to  be  carried  by  the  skin  ele- 
ments. In  this  application,  a  fillet  is  approxi- 
mated by  a  stack  of  thin  plate  elements,  the 
widths  of  which  increase  at  the  transition 
from  the  rib  to  the  skin.  This  provides  a 
stepped-cross-section  approximation  to 
the  rounded  cross  section  of  the  real  fillet. 
A  biaxially  stiffened  panel  can  be  ana- 
lyzed by  treating  it  as  an  assembly  of  uni- 
axially stiffened  panels,  the  interfaces 
between  which  are  the  locations  of  the 
transverse  stiffeners.  However,  PASCO 
alone  cannot  account  for  the  boundary 
conditions  (other  than  the  simply-support- 
ed-beam  condition)  at  the  interfaces. 
Therefore,  the  WAFFLE  program,  which 
provides  a  comprehensive  stress  analysis 
of  a  waffle  panel,  can  be  used  to  determine 


bending  moments  at  the  interfaces. 

The  experiments  consisted  of  buckling 
tests  of  waffle  panels,  which  were  instru- 
mented with  strain  gauges.  Stress  readings 
taken  in  the  buckled  regions  were  com- 
pared, where  applicable,  with  the  predic- 
tions of  WAFFLE,  of  PASCO  without  the 
fillet  approximation,  and  of  PASCO  with  the 
fillet  approximation.  The  predictions  of 
PASCO  with  the  fillet  approximation  agreed 
with  the  experimental  values  within  a  few 
percent. 

This  work  was  done  by  Dah  N.  Yin  and 
Vu  M.  Iran  of  Rockwell  International  Corp. 
for  Johnson  Space  Center.  "Modeling 
Buckling  by  Special  PASCO  Technique" 
and  "Local  Stiffener  and  Skin  Pocket 
Buckling  Prediction  by  Special  PASCO 
Modeling  Technique:  Correlation  to  Test 
Data,"  MSC-  21599/TN. 
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Photochemical  Degradation  of  Organic-Solvent  Fumes 


The  quality  of  air  would  be  enhanced. 


The  quality  of  air  in  a  laboratory  or  hdus- 
triai  ventilation  airstream  would  be  enhanced 
by  a  proposed  technique.  It  is  desirable  to 
remove  the  residual  fumes  of  organic  sol- 
vents from  such  airstreams,  both  to  pro- 
tect workers  and  to  prevent  the  discharge 
of  the  fumes  to  the  environment.  Hereto- 


fore, there  has  been  no  economical  way  to 
do  this. 

According  to  the  proposal,  a  source  of  ul- 
traviolet light  would  be  placed  in  the  air- 
stream  (see  figure)  to  degrade  the  fumes 
photochemically  If  the  fumes  were  ac- 
ceptable in  degraded  form,  then  no  further 


processing  would  be  needed  Alternatively 
the  degraded  fumes  could  be  removed  by 
conventional  scrubbing. 

This  work  was  done  by  James  J. 
Herzstock  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center 
r\/IFS-29596/TN 


Closed  Tube  (Possibly 
With  Mirrored  Sldes)^ 


Exhaust  Flow 

Containing  Degraded 

Contaminants,  (O2,  N2.  H2O,  CO2, 

Chlorides,  and  Fluorides) 


Parabololdal 
'  Reflector 


Existing 
Exhaust  Duct 


Crane 


Contaminated  Alrdow 

(O2,  N2,  Chtorofluorocarbons  and/ 

or  Other  Solvents) 


Optional  ln|ectlon 
of  Reactant 


Source  of  High-Energy 
Ultraviolet  Radiation 


DETAIL  OF  EXHAUST  DUCT  EQUIPPED  FOR  PHOTOCHEMICAL 
DEGRADATION  OF  SOLVENT 


Ultraviolet  Light  would  be  projected  along  the  exhaust  duct  to 
degrade  toxic  fumes  photochemically. 
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Positioning  X-Ray  Film  With  String  and  IVIagnets 

End  markers  contain  magnets  and  lead  for  radiographic  identification  and  positioning. 


Yet  another  of  several  related  tech- 
niques has  been  devised  to  position  x-ray 
film  in  normally  inaccessible  places  for  the 
inspection  of  welded  joints.  In  this  case,  the 
film  is  to  be  placed  behind  a  weld  joint  in  a 
tubelike  structure. 

To  the  ends  of  a  strip  of  x-ray  film  are  at- 
tached markers  made  partly  of  lead  and 
partly  of  magnets.  String  is  attached  to 
holes  in  the  markers  and  used  to  pull  the 
film  through  the  structure  to  the  approx- 
imate position  of  the  joint  to  be  inspected 
(see  figure).  Magnets  on  the  outside  of  the 
structure  are  then  used  to  pull  the  film  into 
the  precise  position. 

The  lead  in  the  markers  is  easy  to  iden- 
tify in  the  radiographic  images.  In  case  the 
correct  position  of  the  film  cannot  be  deter- 


mined from  the  outside,  the  position  can  be 
determined  from  the  locations  of  the  mark- 
ers in  radiographic  images  and  adjusted 
iteratively  during  a  short  sequence  of  x-ray 
shots.  Thus,  fewer  shots  are  required  than 
in  a  random  trial-and-error  sequence,  and 


the  resulting  images  are  more  accurate. 

ITiis  work  was  done  by  William  D.  LaRosa 
and  Jeffrey  E.  Anders  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Right 
Center.  No  furtfier  documentation  is 
available.    MFS-29448/TN 
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Lead/Magnet  Markers  and  String  are  attached  to  the  ends  of  strips  of  x-ray  film  to  facilitate 
positioning. 
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Reinforcing  Liner  for  Composite  Cryogenic  Tank 

The  liner  would  prevent  detachment  of  antileakage  foil  from  the  shell. 


A  proposed  fiber-reinforced  liner  for  a 
graphite/epoxy  fuel  tank  would  prevent  a 
metal-foil  leakage  barrier  from  detaching 
at  low  temperatures.  The  thin  metal-foil 
barrier  is  necessary  to  prevent  such  fuels  as 
liquid  hydrogen  and  liquid  methane  from 
gradually  oozing  through  the  wall  of  the 
tank.  However,  when  the  tank  is  filled,  the 
temperature  inside  drops  well  below  room 
temperature,  causing  the  foil  to  contract 
while  the  graphite/epoxy  composite  shrinks 
very  little.  As  a  result,  the  foil  tends  to  pull 
away  from  the  composite  wall. 

The  tank  would  be  made  of  an  outer  lay- 
er of  graphite/epoxy  plies  to  which  double 
layers  of  foil  and  a  single  layer  of  the  liner 
would  be  attached  by  adhesive  films  (see 
figure).  The  sheets  of  foil  would  be  placed 
on  the  inside  of  the  tank.  The  edges  of  the 
sheets  of  foil  would  be  resistance-welded 
to  form  leakproof  seams. 

The  new  liner  would  consist  of  epoxy 
containing  fibers  of  Spectra  1000  (or 
equivalent),  a  high-strength,  high-modulus 
material  that  expands  with  decreases  of 


temperature  in  the  temperature  range  in 
which  the  tank  is  to  be  used.  However,  in 
the  same  temperature  range,  the  graph- 
ite/epoxy composite  wall  neither  expands 
nor  contracts  significantly  As  the  tempera- 
ture decreased  in  a  tank  of  circular  cross 
section,  the  liner  would  therefore  com- 
press the  foil  against  the  wall,  preventing  it 
from  pulling  away  Possible  choices  for  the 
foil  material  include  stainless  steel,  titani- 
um, aluminum,  copper,  or  bronze. 

Because  the  liner  would  have  to  create 
a  hoop  stress  in  the  foil,  the  thickness  of  the 
liner  would  have  to  be  chosen  in  considera- 
tion of  the  tension  properties  of  the  foil  — 
yield  stress,  ultimate  stress,  elongation, 
and  modulus  of  elasticity.  However,  be- 
cause the  foil  would  be  relatively  thin,  the 
liner  could  also  be  made  'thin  in  compari- 
son with  the  wall. 

The  lined  composite  tank  could  be  used 
to  hold  liquids  from  room  temperature  to 
cryogenic  temperatures.  For  example,  it 
could  hold  liquid  helium  at  -452 °F 
( -  269  °C).  It  is  not  suitable  for  oxygen. 


however,  t)ecause  the  organic  materials  in 
the  liner  could  be  oxidized  quickly 

This  work  was  done  by  John  E. 
Burgeson  of  General  Dynamics  for  Mar- 
shall Space  Flight  Center 

Inquires  concerning  the  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel.  I^ar- 
shall  Space  Flight  Center  Refer  to 
MFS-28399/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford.  Jr^ 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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The  Graphite/Epoxy  Wall  of  the  Tank  would  hold  Inner  layers  of  foil,  adhesive,  and  the  proposed  liner.  The  liner  would  be  much  thinner  than 
the  shell,  would  add  little  weight,  and  would  subtract  little  volume. 
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Simplified  Dynamic  Control  of  Redundant  Manipulators 

Extra  degrees  of  freedom  are  used  to  perform  subtasks. 


A  simplified  scheme  has  been  proposed 
for  the  dynamic  control  of  a  robotic  manip- 
ulator that  has  redundant  joints;  that  is,  ex- 
tra degrees  of  freedom  beyond  those  need- 
ed to  perform  the  task,  which  is  to  position 
and  orient  the  end  effector  at  a  specified 
position  and/or  move  it  along  a  specified 
trajectory.  The  extra  degrees  of  freedom 
can  be  used  to  perform  a  simultaneous 
subtask  (for  example,  to  avoid  obstacles  or 
to  keep  joint  angles  within  ranges  that  max- 
imize manipulability).  The  new  control 
scheme  is  adaptive  and  is  based  on  the  ob- 
served performance  of  the  manipulator.  It 
involves  neither  a  complicated  mathemati- 
cal model  of  the  dynamics  of  the  manipula- 
tor nor  a  time-consuming  inverse  kinemat- 
ic transformation. 

I  n  a  sy stem  of  n  deg  rees  of  freedom ,  t he 


position  and  orientation  of  the  end  effector 
are  represented  by  an  m-dimensional  co- 
ordinate vector  Y  while  the  kinematic  func- 
tions are  represented  by  the  r-dimensional 
vector  f  where  r  +  m  =  n.  The  redundancy 
can  be  utilized  by  placing  kinematic  equali- 
ty constraints  on  4  to  specify  the  subtask. 
Then  the  task  and  subtask  vectors  can  be 
combined  to  obtain  X  =  (T),  the  aug- 
mented n-dimensional  vector,  which  in- 
creases the  apparent  dimension  of  the 
task  space  from  m  to  n.  In  this  formulation, 
the  configuration  of  the  manipulator  is  fully 
specified  and  is  not  redundant. 

The  velocities  of  the  manipulator  are  re- 
lated via 

■kit)  =  mm 

where  t  =  time,  6  represents  the  joint  an- 
gles, and 
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is  the  nxn  augmented  Jacobian  matrix. 
The  mxn  submatrix  Jg(0)  is  associated 
with  the  end  effector,  while  the  rxn  sub- 
matrix  Jp(0)  is  related  to  the  kinematic  func- 
tions. Tlie  two  submatrices  Jg  and  J^  com- 
bine to  form  the  square  augmented  Jacobi- 
an matrix  J. 

The  problem  is  to  devise  a  scheme  that 
makes  X(0  track  the  desired  trajectory 
X^f)  as  closely  as  possible.  In  the  control 
scheme  shown  in  Figure  1,  the  actual  end- 
effector  coordinates  Y(f)  and  the  current 
values  ^t)  of  the  kinematic  functions  are 
computed  and  fed  back  to  the  controller. 
The  controller  uses  this  feedback  informa- 
tion together  with  the  commanded  end-ef- 
fector motion  Y^f )  and  the  desi  red  kinema- 
tic functions  ^^t)  to  compute  the  driving 
torques  T(f)  that  are  applied  at  the  manipu- 
lator joints  so  as  to  meet  the  task  and  sub- 
task  requirements  simultaneously 

The  scheme  involves  feedforward  and 
feedback  paths  with  adjustable  gains, 
which  implement  a  control  law  based  on 
the  theory  of  model-reference  adaptive 
control,  and  is  illustrated  in  Figure  2.  The 
control  signal  is  produced  on  the  basis  of 
the  performance  of  the  manipulator,  with 
minimal  information  on  the  manipulator 
and  payload.  Thus,  the  scheme  can  cope 
with  unpredictable  gross  variations  of  the 
payload. 

This  work  was  done  by  Homayoun  Seraji 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17593/TN 


Figure  1.  The  Control  Scheme  for  the 
Redundant  Manipulator  makes  the  actual 
manipulator  trajectory    ('[]  track  the  de- 


sirecj  trajectory 


Figure  2.  The  Adaptive  Controller  im- 
plements a  model-reference  control  law. 
The  controller  is  very  simple  because  the 
gains  (represented  by  the  symbols  in  the 
rectangles)  are  calculated  by  numerical  in- 
tegration using,  for  example,  the  trapezoid- 
al rule.  Thus,  the  time  required  for  the  com- 
putations is  very  short. 


Velocity  Error, 
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Computing  Mass  Properties 
From  AutoCAD 

Mass  properties  of 
structures  are  computed 
from  data  in  drawings. 

The  AutoCAD  to  Mass  Properties 
(ACTOMP)  computer  program  was  devel- 
oped to  facilitate  quick  calculations  of  the 
mass  properties  of  structures  that  contain 
many  simple  elements  in  such  complex 
configurations  as  trusses  or  sheet-metal 
containers.  The  calculation  of  the  mass 
properties  of  structures  of  this  type  can  be 
tedious  and  repetitive,  but  ACTOMP  helps 
automate  the  calculations.  A  structure  can 
be  mathematically  modeled  in  AutoCAD  or 
a  compatible  computer-aided  design  (CAD) 
system  In  minutes  by  use  of  the  three-di- 
mensional elements.  The  resulting  model 
provides  all  the  geometric  data  necessary 
to  calculate  the  mass  properties  of  the 
structure. 

ACTOMP  reads  the  geometric  data  of  a 
drawing  from  the  Drawing  Interchange 
File  (DXF)  used  in  AutoCAD.  Tlie  geomet- 
ric entities  recognized  by  ACTOMP  in- 
clude POINTS,  3DLINES,  and  SDFACEs. 
ACTOMP  requests  mass,  linear  density,  or 


area  density  of  the  elements  for  each  layer 
sums  all  the  elements,  and  calculates  the 
total  mass,  the  center  of  mass  (CM),  and 
the  mass  moments  of  inertia  (MOI). 

AutoCAD  uses  layers  to  define  separate 
drawing  planes.  ACTOMP  uses  layers  to 
differentiate  between  multiple  types  of 
similar  elements.  For  example,  if  a  struc- 
ture is  made  of  various  types  of  beams, 
modeled  as  3DLINEs,  each  with  a  different 
linear  density,  the  beams  can  be  grouped 
by  linear  density,  and  each  group  placed  on 
a  separate  layer  The  program  requests  the 
mass  information  of  SDLINEs  for  each 
new  layer  it  finds  as  it  processes  the  draw- 
ing information.  The  same  is  true  with 
POINTS  and  3DFACES. 

By  using  layers  this  way  a  very  complex 
model  can  be  created.  POINTS  are  used 
for  point  masses  like  bolts,  small  machine 
parts,  or  small  electronic  boxes.  SDLINEs 
are  used  for  beams,  bars,  rods,  cables,  and 
other  similarly  slender  elements.  3DFACEs 


are  used  for  planar  elements.  SDFACEs  can 
be  created  as  three-  or  four-point  faces. 
Some  examples  of  elements  that  might  be 
modeled  by  use  of  SDFACEs  are  plates, 
sheet  metal,  fabric,  boxes,  large-diameter 
hollow  cylinders,  and  evenly  distributed 
masses. 

ACTOMP  was  written  in  Microsoft  Quick- 
Basic  (Version  2.0).  It  was  developed  for  the 
IBM  PC  microcomputer  and  has  been  im- 
plemented on  an  IBM  PGcompatible  com- 
puter under  DOS  3.21.  ACTOMP  was  devel- 
oped in  1988. 

This  program  was  written  by  A.  Jones 
for  Goddard  Space  Flight  Center. 
GSC-13228/TN 
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Fast  Quenching  for  Hydrogen-Embrittlement  Tests 

Hot  specimens  are  cooled  rapidly  in  high-pressure  hydrogen. 


An  apparatus  exposes  hot  metal  speci- 
mens in  hydrogen  atmospheres  to  sudden 
cooling.  The  apparatus  was  developed  to 
evaluate  the  susceptibilities  of  the  speci- 
mens to  embrittlement  by  hydrogen.  The 
apparatus  cools  specimens  by  1,050  "F 
(580°C)in  160  s. 

A  specimen  is  enclosed  in  a  cylindrical 
stainless-steel  vessel  pressurized  with  hy- 
drogen. A  resistance  heater  encircles  the 


vessel  and  maintains  it  at  1,200  "F  (650  °C). 
At  the  push  of  a  button,  the  heater  drops 
away  from  the  vessel,  sliding  to  a  stop 
along  a  stainless-steel  track  (see  figure). 

As  the  heater  falls,  a  spray  bar  is  re- 
leased from  overhead.  The  bar  falls  into  po- 
sition around  the  vessel,  triggering  a  micro- 
switch  that  turns  on  a  water  supply  at  a 
pressure  of  150  lb/in. ^  (1  MPa).  Issuing 
from  the  spray  bar,  the  spray  engulfs  the 


vessel  and  chills  its  contents,  trapping  the 
absorbed  hydrogen  in  the  specimen. 

This  work  was  done  by  Mark  J.  Petri, 
Ricfiard  L  Burkhart,  and  Joseph  F.  Koncel 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center. 
l\/IFS-29549/TN 
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HEATER  SURROUNDS 
VESSEL 


HEATER  FALLS  AWAY 

AND  SPRAY  BAR  BEGINS 

TO  DESCEND 


VESSEL  IS  SPRAYED 
WITH  COLD  WATER 


The  Heater  Surrounds  the  Pressure  Vessel  initially  On  command,  the  heater  slides  downward  on  the  tracts,  exposing  the  vessel.  A  spray  bar 
falls  over  the  vessel  and  directs  high-pressure  jets  of  cold  water  at  it. 
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Radial  Cracks  Would  Signal  Wearout  of  Turbine  Blades 

Nonfatal  defects  would  be  made  to  appear  before  fatal  ones. 


It  has  been  proposed  to  design  turbine 
blades  to  cracl<  radially  before  they  crack 
chordwise  (see  Figure  1).  Analysis  of 
rocket  turbine  blades  has  shown  that  radial 
and  chordwise  cracks  occur  after  various 
amounts  of  cyclic  testing.  Because  radial 
cracks  are  relatively  benign  in  comparison 
with  chordwise  cracks,  the  prior  appear- 
ance of  a  radial  crack  or  cracks  in  a  used 
blade  could  serve  as  a  warning  that  a 

Figure  1.  A  Turbine  Blade  develops  cracks 
as  a  result  of  cyclic  stresses  in  operation. 


Centrifugal  Load 


Chordwise 
Crack 


more-threatening  chordwise  crack  or  cracks 
may  subsequently  appear.  The  blade  could 
then  be  replaced  before  it  fails. 

Advance  radial  cracking  could  be  pro- 
moted in  design  by  adjusting  thermal 
stresses  and  net  bending  stresses.  Ther- 
mal stresses  depend  on  the  local  thickness 
of  the  wall.  By  judicious  distribution  of  the 
thicknesses  on  the  concave  and  convex 
surfaces,  the  radial-  and  chordwise-crack 
lives  could  be  adjusted. 

Net  bending  stresses  are  the  sums  of 
gas  bending  and  tilt  bending  stresses.  Gas 
bending  stresses  are  caused  by  gas  loads 
imparted  to  the  blade  in  the  turning  of  the 
mainstream  flow.  Tilt  bending  stresses  are 
caused  by  the  centrifugal  bending  of  a 


Thin  Wall  In  This  Region  To 
Increase  ChordwIse-Crack  Life 


Element  190: 
Cyclic  Life  =  250 
Chordwise  Cracking 
Maximum  Radial-Strain  Range 

+  y 


Thicken  Wall  In  This 

Region  To  Decrease 

Radial-Crack  Life 


Element  9: 
>  Cyclic  Life  =  338 
Radial  Cracking 
Maximum  Tangential-Strain  Range 


Note:  X,  Y  Axes  shown  are  the 
principal  axes  for  the  cross 
section. 


Figure  2.  This  is  a  Blade-Root  Cross  Section  in  a  finite-element  nnathematical  moclel  of  a  tur- 
bine blade.  The  wall  could  be  thinned  and  thickened  as  shown  to  increase  the  chordwise- 
crack  life  and  decrease  the  radial-crack  life,  respectively 


blade  that  has  its  cross-sectional  centers 
of  gravity  offset  from  a  radial  line.  Tilt  bend- 
ing stresses  are  normally  designed  to 
cancel  the  gas  bending  stresses  at  full 
power  By  adjusting  tilt  bending,  the  result- 
ant net  bending  stresses  could  be  tailored 
to  change  the  chordwise-crack  life. 

The  analysis  of  thermal  and  bending 
stresses  and  the  resulting  effects  upon 
crack  lives  could  be  performed  with  the 
help  of  fvlARC,  a  three-dimensional  finite- 
element  computer  program.  One  should 
start  with  a  design,  the  cracking  sequence 
of  which  is  the  opposite  of  the  desired  se- 
quence, then  proceed  as  follows 

1 .  Decrease  the  local  thickness  of  the  wall 
in  the  region  shown  on  the  upper  surface 
in  Figure  2  to  reduce  the  local  thermal 
stresses  and  increase  the  chordwise- 
crack  life. 

2.  Locally  thicken  the  wall  in  the  region 
shown  on  the  lower  surface  in  Figure  2  to 
increase  local  thermal  stresses  and  de- 
crease the  radial-crack  life. 

3.  Increase  the  net  bending  about  the  -  X 


principal  axis  to  increase  the  chordwise- 
crack  life  of  element  190. 
This  work  was  done  by  Donald  E  Paulus 
of  United  Technologies  Corp.  for  Marshall 
Space  Right  Center   No  further  docu- 
mentation is  available. 
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Second  Vapor-Level  Sensor  for  Vapor  Degreaser 

Evaporation  would  be  reduced  during  idle  periods. 


A  second  vapor-level  sensor  can  be  in- 
stalled at  a  lower  level  in  a  vapor  degreaser 
to  make  it  possible  to  nnaintain  the  top  of 
the  vapor  at  that  lower  level  (see  figure). 
The  rate  of  evaporation  of  the  1,1,1-trichlo- 
roethane  solvent  decreases  with  increas- 
ing freeboard  height  (the  vertical  distance 


from  the  top  of  the  degreaser  to  the  top  of 
the  vapor).  Thus,  the  lower  sensor  can  be 
used  during  idle  periods  to  reduce  the 
evaporation  of  solvent. 

To  switch  vapor  levels  in  accordance 
with  the  schedule  of  production,  a  7-day  or 
other  suitable  timer  controls  a  solenoid 


Upper 
Vapor 
Level 


A  Vapor-Level  Sensor  Is  added  at  a  second,  lower  vapor  level.  The  upper  or  lower  vapor 
level  Is  selected  by  a  timer  or  by  a  manual  override  switch. 


valve,  which  directs  steam  to  a  modulator 
valve  controlled  by  one  of  the  sensors.  A 
manual  switch  is  also  available  to  override 
the  timer.  The  modulator  valve  in  use  opens 
to  admit  steam  to  the  heaters  when  the  top 
of  the  vapor  goes  below  its  sensor. 

The  effect  of  the  lower  vapor  level  has 
been  measured.  In  a  study  reported  in  the 
fourth  edition  of  the  Tool  and  Manufactur- 
ing Engineers  Handbook,  an  increase  in 
the  ratio  of  freeboard  height  to  the  width  of 
a  degreaser  from  0.50  to  0.75  reduced  the 
rate  of  emission  of  solvent  by  46  percent. 
Thus,  the  relatively  simple  and  inexpensive 
installation  of  a  second  sensor  provides  a 
substantial  benefit,  without  the  major  capi- 
tal cost  of  building  a  new  vapor  degreaser 
with  greater  freeboard  height. 

This  work  was  done  by  Nance  M.  Painter 
and  Richard  K.  Burley  of  Rocl<well  Interna- 
tional Corp.  for  Marshall  Space  Flight 
Center.  No  further  documentation  is  avail- 
able. 
MFS-29493/TN 
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Municipal  Waste  Combustion  Assessment 
Combustion  Control  at  New  Facilities 


The  ERA'S  Office  of  Air  Quality 
Planning  and  Standards  (OAQPS)  is 
developing  emission  standards  and 
guidelines  for  new  and  existing 
nnunicipal  waste  combustors  (MWCs) 
under  the  authority  of  Sections 
111(b)  and  111(d)  of  the  Clean  Air  Act 
(CAA).  The  ERA'S  Office  of  Research 
and  Development  (ORD)  is  providing 
support  in  developing  the  technical 
basis  for  good  combustion  practice 
(GCP),  which  is  included  as  a 
regulatory  alternative  in  the 
standards  and  guidelines.  This  report 
provides  the  supporting  data  and 
rationale  used  to  establish  baseline 
emission  levels  for  model  plants  that 
represent  portions  of  the  planned 
and  projected  population  of  MWCs. 
The  baseline  emissions  represent 
performance  levels  that  are  expected 
to  be  achieved  by  new  plants  in  the 
MWC  population  that  incorporate 
GCR.  the  baseline  emissions,  which 
were  developed  using  the  data  base 
from  the  newest  units  in  the  existing 
population  of  MWCs,  establish 
performance  levels  against  which  the 
effectiveness  and  costs  of  emission 
control  alternatives  can  be  evaluated. 

This  Project  Summary  was 
developed  by  EPA's  Air  and  Energy 
Engineering  Research  Laboratory, 
Research  Triangle  Park,  NC,  to 
announce  key  findings  of  the  research 
project  that  is  fully  documented  in  a 
separate  report  of  the  same  title  (see 
Project  Report  ordering  information  at 
back). 

Introduction 

On  July  7,  1987,  the  U.S.  EPA 
announced  its  intent  to  develop  air 
emission  standards  for  new  municipal 
waste  combustors  (MWCs)  and 
guidelines  for  existing  MWCs  under  the 
authority  of  Section  1 1 1  of  the  Clean  Air 
Act.  The  New  Source  Performance 
Standards  (NSPS)  will  apply  to  all  MWCs 
that  commence  construction  aftei  the 
proposal  date,  and  the  guidelines  will 
apply  to  all  MWCs  not  covered  by  the 
NSPS.  Following  the  July  1987 
announcement,  an  extensive  background 
information  development  and  data 
gathering  effort  was  initiated  to  provide 
the  technical   support  for   the   proposed 


regulations.  The  NSPS  and  guidelines 
development  includes  a  performance 
assessment  of  emission  control 
alternatives  that  are  applied  to 
hypothetical  model  plants.  The  models 
represent  typical  classes  of  MWCs  within 
the  existing  and  projected  population 
Baseline  emission  estimates  were 
developed  for  each  model  plant  and 
control  alternatives  were  applied  to  each 
model  to  estimate  the  potential  for 
reduction  of  emissions  from  baseline 
levels.  Costs  of  control  alternatives  were 
estimated  to  permit  calculation  of  the 
cost  effectiveness  of  control  options. 


Performance  Data/Rationale 

This  report  summarizes  the  perform- 
ance data  and  supporting  rationale  that 
were  used  to  establish  the  baseline 
emission  estimates  for  12  MWC  model 
plants.  Each  model  represents  a  group  of 
MWCs  that  will  be  regulated  by  the 
NSPS.  Descriptions  of  the  model  plants 
are  contained  in  a  companion  report.  The 
baseline  performance  levels  were 
established  using  the  available  emissions 
data  base  for  MWCs  or.  in  cases  where 
little  or  no  data  existed,  engineering 
judgment.  The  baseline  emissions  are 
expressed  as  unabated  concentrations 
measured  prior  to  treatment  by  add-on 
flue  gas  cleaning  equipment.  The 
unabated  emissions  represent 
performance  levels  that  result  from  the 
application  of  good  combustion  practice 
(GCP),  which  is  expected  to  be  m  place 
at  all  new  MWCs  GCP  requires  that 
specific  design,  operation,  control,  and 
monitoring  features  be  in  place  to 
optimize  the  combustion  process,  thus 
minimizing  emission  of  trace  orgamcs 
and  carbon  monoxide  (CO).  The 
necessary  components  of  GCP  were 
originally  defined  in  EPA's  Report  to 
Congress  on  MWC.  The  data  used  to 
establish  baseline  emissions  are  limited 
to  data  available  from  the  newest  facilities 
m  the  MWC  population.  This  report 
summarizes  the  design  and  operating 
features  of  the  combustors  in  the  data 
base  and  evaluates  the  extent  to  which 
recommended  design  and  operating 
components  of  GCP  are  in  place  at  each 
plant. 
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Model  Plants 

Using  projections  of  [he  future  MWC 
population,  12  model  plants  were 
developed  to  represent  the  majority  of 
combustor  classes  that  would  be 
regulated  by  the  NSPS.  The  models 
included  three  mass  burn  waterwall 
MWCs,  one  mass  burn  refractory  wall 
fVIWC,  one  rotary  waterwall  (VIWC,  one 
modular  excess  air  MWC,  two  modular 
starved  air  MWCs,  two  refuse-derived- 
fuel  (RDF)  fired  spreader  stoker  MWCs, 
one  RDF  bubbling  fluidized  bed  MWC, 
and  one  RDF  circulating  fluidized  bed 
MWC.  Information  provided  for  each 
model  plant  included  unit  size,  number  of 
combustors  per  site,  annual  operating 
hours,  electric  generating  status  (all 
models  were  assumed  to  produce 
steam),  and  fuel  type  (either  unprocessed 
municipal  solid  waste,  RDF,  or  a  mixture 
of  RDF  and  wood  waste). 

Emission  Estimates 

Baseline  uncontrolled  emissions  were 
estimated  for  three  air  pollutants: 
polychlorinated  dibenzo-p-dioxins  and 
dibenzofurans  (CDD/CDF),  CO,  and 
particulate  matter  (PM).  The  CDD/CDF 
data  included  in  the  baseline 
determination  were  limited  to  test  results 
available  to  EPA.  Six  sets  of  data  were 
available  for  mass  burn  waterwall  MWCs 
and  three  data  sets  for  modular  excess 
air  and  modular  starved  air  units.  No 
CDD/CDF  data  were  available  from  rotary 
waterwall  units,  and  only  one  or  two  data 
sets  for  each  of  the  other  technologies. 
Therefore,  engineering  judgments  were 
used  to  some  extent  to  assign  baseline 
CDD/CDF  emissions.  The  baseline 
CDD/CDF  concentrations  ranged  from  20 
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ng/dscm,  corrected  to  7%  O2,  for  the 
bubbling  fluidized  bed  model  plants  to 
1000  ng/dscm,  corrected  to  7%  O2,  for 
RDF  spreader  stoker  model  plants.  Mass 
burn  waterwall  and  modular  excess  air 
model  plants  were  assigned  baseline 
CDD/CDF  emissions  of  200  ng/dscm, 
corrected  to  7%  O2.  Mass  burn  refractory 
wall,  mass  burn  rotary  waterwall,  and 
modular  starved  air  model  plants  were 
assigned  baseline  CDD/CDF  emissions  of 
300  ng/dscm,  corrected  to  7%  O2. 
Finally,  RDF  circulating  fluidized  bed 
model  plants  were  assigned  a  baseline 
CDD/CDF  emission  level  of  400  ng/dscm, 
corrected  to  7%  O2.  Baseline  CO 
emissions  ranged  from  50  to  100  ppm,  4- 
hour  average,  corrected  to  7%  O2  for  all 
models.  Baseline  PM  emissions  ranged 
from  0.1  gr/dscf  (230  mg/dscm)  to  4 
gr/dscf  (9200  mg/dscm),  corrected  to  7% 
02-  The  lowest  PM  emissions  were 
assigned  to  modular  model  plants  and 
the  highest  PM  emissions  were  from  RDF 
spreader  stokers  and  FBC  model  plants. 
The  remaining  models  were  assigned 
baseline  PM  emissions  of  2  gr/dscf  (4600 
mg/dscm).  The  different  baseline  PM 
emission  rates  reflect  inherent 
performance  characteristics  of  each 
model  plant  type  (e.g.,  low  primary 
chamber  gas  velocities  result  in  low  PM 
entrainment  for  modular  MWCs,  while 
semisuspension  firing  of  RDF  in  spreader 
stoker  boilers  results  in  higher  PM 
carryover). 

The  data  presented  in  this  report  were 
used  to  establish  performance  estimates 
for  model  plants  in  the  NSPS  regulatory 
development  effort,  thuc  providing  a 
baseline  for  assessing  emission 
reductions  and  costs  of  add-on  control 
alternatives. 
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oEPA        Project  Summary 

Municipal  Waste  Combustion  Assessment:  Medical 
Waste  Combustion  Practices  at  Municipal  Waste 
Combustion  Facilities 


Summary 

The  U.S.  EPA  is  currently  developing 
air  emission  standards  for  new  and 
existing  municipal  waste  combustors 
(MWCs)  under  Section  1 1 1  of  the  Clean 
Air  Act.  In  addition,  as  part  of  the  Medical 
Waste  Tracking  Act  of  1988,  EPA  must 
prepare  a  comprehensive  report  to 
Congress  identifying  sources,  handling 
procedures,  transportation,  treatment, 
and  disposal  of  medical  waste.  This 
report  must  also  include  an  assessment 
of  the  present  and  potential  threat  that 
medical  waste  represents  to  human 
health  and  the  environment.  It  was 
determined  in  the  fVIWC  information 
gathering  effort  that  a  number  of  MWCs 
burn  medical  waste.  The  impacts  of  this 
practice  on  air  emissions  are  currently 
not  known.  Based  on  these  uncertainties, 
a  study  was  conducted  to  examine  and 
define  the  practice  of  incinerating 
medical  waste  in  MWCs  and  identify 
potential  air  emission  impacts  as  well  as 
potential  worker  health  and  safety 
problems  associated  with  this  practice. 

This  report  defines  and  characterizes 
types  of  medical  waste,  discusses 
possible  impacts  of  burning  medical 
waste  on  combustor  emissions,  and 
outlines  important  handling  and  operating 
considerations.  Facility -specific 
design, handling,  and  operating  practices 
are  discussed  for  U.S.,  European,  and 
Canadian  MWCs  that  reportedly  accept 
medical  waste.  The  handling  and 
operating  guidelines  and  philosophies  of 
U.S.  and  European  MWC  manufacturers 
regarding  medical  waste  incineration  are 
also  discussed.  The  report  concludes 
with  a  discussion  of  preliminary  findings, 
recommendations,  and  research  needs. 

Medical  waste  is  defined  as  any  type  of 
waste  generated  by  a  biomedical 
institution,  including  hospitals,  medical 
laboratories,  animal  experimentation 
units,  and  clinics.  Two  features  of 
medical  waste  are  of  key  importance. 
First,  the  physical  and  chemical 
characteristics  of  the  waste  are  highly 
variable.  The  heat  content  of  the  waste 
can  vary  from  a  low  of  1000  Btulb  (2.326 
X  106  J/kg)  for  human  tissues,  organs, 
and  body  parts  to  a  high  of  over  15.000 


Btu/lb  (3.489  X  10''  J/kg)  for  plastic 
containers  and  disposable  equipment.  In 
addition  to  heat  content,  the  ash, 
moisture,  chlorine,  and  metals  contents 
can  also  vary  significantly  from  one  batch 
of  waste  to  another.  Second,  many  of  the 
components  of  medical  waste  require 
special  attention.  These  components  are 
cytotoxic  chemicals,  hazardous 
chemicals,  pathogens,  toxic  metals,  and 
radioactive  materials  MWCs  burning 
even  small  percentages  of  medical  waste 
must  be  able  to  accommodate  highly 
variable  waste  compositions  and  heat 
content  as  well  as  many  of  the  potentially 
dangerous  components. 

Limited  information  is  available  on  the 
emission  impacts  associated  with 
combustion  of  medical  waste  in  MWC 
facilities.  However,  these  impacts  can  be 
qualitatively  discussed  based  on  the 
composition  of  medical  waste  and 
emissions  data  from  medical  waste 
incinerators.  The  classes  of  air  pollutants 
evaluated  include  acid  gases,  dioxins. 
and  metals.  Acid  gas  emissions  may 
increase  due  to  the  high  chlorine  content 
of  the  plastic  items  commonly  found  m 
medical  waste.  Baseline  HCI  emissions 
from  MWCs  burning  municipal  waste 
may  range  from  100  to  1000  ppm  Co- 
firing  large  amounts  of  medical  waste 
may  increase  baseline  HCI  emissions. 

Medical  waste  incinerators  have  been 
found  to  emit  dioxms  at  about  the  same 
concentrations  as  typical  municipal  waste 
incinerators  (100-2000  ng  dscm) 
Although  dioxin  formation  is  more 
strongly  correlated  with  system  design 
and  operation,  dioxin  emissions  may  also 
be  affected  to  some  extent  by  waste 
characteristics.  Medical  waste  has  a 
number  of  characteristics  that  could  lead 
to  dioxin  foimation  A  significant  amount 
of  aiomatic  compounds  are  present  that 
may  serve  as  dioxin  precuisors.  Medical 
waste  also  contains  a  high  concentration 
of  chlorinated  plastics  and  is  highly  no-v 
homogeneous.  Some  components  of  the 
waste  have  high  moisture  contents 
These  materials  may  create  localized  low 
temperature  zones  within  the  waste  bed. 
lesulting  m  fuel-rich  pockets  that  may 
escape    complete    destruction    m    the 
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furnace. 

Medical  waste  contains  such  toxic 
metals  as  mercury,  cadmium,  and 
arsenic.  These  metals  are  volatile  and 
may  vaporize  in  the  incinerator.  The 
metal  vapors  would  then  be  carried  away 
in  the  exhaust  gases.  As  the  exhaust 
gases  cool,  the  metals  would  be 
adsorbed  on  the  surface  of  the  fly  ash  or 
would  condense  to  form  small  particles 
which  are  difficult  to  capture.  A  significant 
fraction  of  these  fine  condensed  particles 
may  be  emitted  to  the  atmosphere. 
Mercury,  cadmium,  and  arsenic  have 
been  detected  in  hospital  waste 
incinerator  exhausts. 

Beyond  emissions  concerns,  a  number 
of  other  factors  must  be  considered  when 
burning  medical  waste  in  MWCs. 
Transportation  and  handling  is  an 
important  factor  when  medical  waste  is 
incinerated  off-site  as  compared  to  an  on- 
site  hospital  incinerator.  Precautions  must 
be  taken,  including  placing  the  waste  in 
sealed,  secure  containers,  to  ensure  that 
none  of  the  waste  materials  escape 
during  transportation.  Storage  times 
should  be  kept  as  short  as  possible  and 
containers  must  not  be  opened  or 
breached  until  they  are  in  either  the 
combustor  or  a  secure  environment. 
Incinerator  operation  characteristics  such 
as  temperature,  and  time  at  a 
giventemperature  are  also  important 
factors  relating  to  pathogen  and  cytotoxic 
chemical  destruction.  Also,  the  medical 
waste  should  be  rendered 
"unrecognizable."  That  is,  one  should  not 
be  able  to  recognize  body  parts  and 
medical  equipment  in  the  residual  ash. 
Ash  handling  and  disposal  are  important 
as  well  due  to  potential  pathogen  survival, 
radioactivity,  and  metals  content  of  the 


ash.  Studies  of  the  ash  from  hospital 
incinerators  indicate  that  relatively  large 
quantities  of  cadmium  and  lead  are 
present 

There  are  at  least  15  U.S.  municipal 
waste  combustors  that  have  previously 
accepted  or  are  currently  accepting 
medical  waste  including  a  variety  of 
combustor  design  types.  The  ainount  of 
medical  waste  burned  in  these  units 
ranges  from  less  than  1  to  50%  by 
weight.  Based  on  the  preliminary 
findings,  it  appears  that  sharps  pose  a 
problem  in  MWCs  with  grate  systems. 
Sharps  in  the  ash  represent  potential 
safety  and  health  problems  to  facility 
personnel  or  landfill  operators  coming  in 
contact  with  the  ash.  Animal  carcasses 
also  represent  a  significant  problem  if  the 
carcasses  are  not  completely  destroyed 
because  of  poor  waste  burnout.  Before 
incineration,  attention  must  be  given  to 
the  medical  waste  handling  procedures  to 
prevent  penetration  of  containers  and 
exposure  of  containerized  wastes.  For 
example,  many  of  the  facilities  manually 
place  sealed  boxes  of  medical  waste 
directly  into  a  closed  overhead  grapple  to 
avoid  penetration  of  the  boxes  and 
exposure  of  the  medical  waste. 

Only  very  limited  data  are  available  on 
the  emission  impacts  associated  with 
combustion  of  medical  waste  in  MWCs. 
More  information  is  needed  to  fully 
evaluate  the  potential  impacts  of  burning 
medical  waste  on  the  emissions  of  acid 
gas,  dioxin,  and  metals.  Also,  further 
information  is  needed  to  determine  the 
design  and  operating  requirements  for 
complete  destruction  of  hazardous 
solvents,  cytotoxic  chemicals,  and 
pathogens. 


FOR  ADDITIONAL  INFORMATION:  V.  J.  Landrum  and  R.  G.  Barton  are  with  Energy  and  Environmental  Research 
Corp.,  Durham,  NC  27707.  James  D.  Kilgroe  is  the  EPA  Project  Officer  (see  below).  The  complete  report,  entitled 
"Municipal  Waste  Combustion  Assessment:  Medical  Waste  Combustion  Practices  at  Municipal  Waste  Combustion 
Facilities,"  (Order  No.  PB  90-186  990/AS;  Cost:  A03,  subject  to  change)  will  be  available  only  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  V A  22161 
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The  EPA  Project  Officer  can  be  contacted  at: 

Air  and  Energy  Engineering  Research  Laboratory 

U.S.  Environmental  Protection  Agency 

Research  Triangle  Park,  NC  277 11 


United  States 
Environmental  Protection 
Agency 


Air  and  Energy  Engineering 

Research  Laboratory 

Research)  Triangle  Park,  NC  2771 


Research  and  Development 


v>EPA        Project  Summary 


Test  and  Evaluation  of  a  Polymer  Membrane 
Preconcentrator 


The  report  gives  results  of  an 
evaluation  of  the  applicability  of 
membrane  systems  as  a 
preconcentrator  and  defines 
operating  parameters  of  a  membrane 
system.  Advantages  of  such  a  system 
is  a  potential  reduction  in  cost  for 
subsequent  control  systems.  The 
evaluation  is  part  of  a  joint 
EPA/California  Air  Resources  Board 
investigation  of  the  potential  of 
membrane  technology  on  volatile 
organic  compound  (VOC)  emissions 
Tests  of  various  membrane  materials 
and  configurations  have  been 
conducted.  A  potentially  innovative 
application  of  membrane  technology 
may  be  to  concentrate  VOCs  from 
exhaust  gases  such  as  solvent  oven- 
drying  exhaust.  A  preconcentrator 
membrane  could  be  used  to  reduce 
the  size  and.  in  turn,  the  capital  and 
operating  costs  of  a  conventional 
VOC  control  device  such  as  a  carbon 
adsorber  or  incinerator.  Study  results 
do  not,  however,  verify  that  a 
membrane  preconcentrator  is  a 
viable  option  to  reduce  overall 
pollution  control  costs. 


This  Project  Summary  was 
developed  by  EPA's  Air  and  Energy 
Engineering  Research  Laboratory. 
Research  Triangle  Park,  NC,  to 
announce  key  findings  of  the  research 
project  that  is  fully  documented  in  a 
separate  report  of  the  same  title  (see 
Project  Report  ordering  information  at 
back). 

Introduction 

The  polymeric  membrane  has  been 
used  for  a  number  of  years  as  a 
concentrating  step  for  various  liquid  and 
gaseous  streams,  including  removal  of 
large  molecule  organics  from  waste  water 
streams,  hydrogen  separation,  and  CO2 
recovery.  A  polymer  membrane  is  an 
ultrathin  layer  of  a  selective  polymer, 
supported  on  a  porous  sublayer  The 
membrane  (active  layer)  selectively  filters 
the  pollutant  molecules.  Figure  1  is  a 
diagram  of  a  bench  scale  membrane 
system.  A  potentially  innovative 
application  of  membrane  technology  may 
be  the  concentrating  of  volatile  organic 
compounds  (VOCs)  from  exhaust  gases 
such  as  solvent  oven-drying  exhaust  A 
preconcentrator    membrane    could    be 


VOC 
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Figure  1.    Membrane  preconcentrator  system. 
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used  to  reduce  the  size  and,  in  turn,  the 
capital  and  operating  costs  of  a 
conventional  VOC  control  device  such  as 
a  carbon  adsorber  or  incinerator.  The 
overall  result  would  be  capital  and 
operating  cost  savings,  possible 
performance  improvennents,  and  reduced 
energy  requirements. 

The  U.S.  EPA  and  the  California  Air 
Resources  Board  initiated  a  jo'nt  program 
to  investigate  the  potential  of  membrane 
technology  on  VOC  emissions.  Tests  of 
various  membrane  materials  and 
configurations  have  been  conducted. 
Objeclives  of  those  studies  were  to 
evaluate  the  applicability  of  membrane 
systems  as  a  preconcentrator  and  tc 
define  operating  parameters  of  a 
membrane  system,.  The  advantage  of 
such  a  system  is  a  potential  reduction  in 
cost  for  subsequent  control  systems.     • 

Program  Approach 

Tasks  completed  for  the  study  include; 

(a)  A  detailed  literature  review  of 
available  data  on  membrane 
recovery  of  hydrocarbon  vapors 
and  gases.  Relevant  data  and 
articles  on  the  subiect  of 
membrane  technologies  are 
discussed  m  the  report. 

(b)  Bench  scale  membrane  modules 
were  tested  using  six  common 
solvents  to  define  capability  of 
membrane  to  retain  solvents  and 
to  develop  system  operating 
parameters. 

(c)  Preliminary  conceptual  designs 
were  developed  from  laboratory 
studies. 


(d)    Preliminary  capital  and  operating 
cost    projections    for    membrane 
augmented   control   options   were 
developed. 
To  support  these  tasks  a  bench-scale 
polymeric   system    was    designed    and 
constructed.  The  spiral-wound  membrane 
was    supplied     by     a     commercial 
membrane    manufacturer.    The    bench- 
scale  test  processed  dilute  gas  streams 
containing  20  to  2000  ppmv  solvent. 

Results  and  Conclusions 

The  membrane  was  shown  capable  of 
removing  about  60%  of  the  incoming 
solvent,  and  generated  a  permeate 
stream  about  3  times  as  concentrated  as 
the  original  feed.  It  was  equally  effective 
on  all  six  solvents  tested.  No  noticeable 
degradation  in  performance  of  the 
module  was  apparent  after  the  tests, 
although  an  extended  performance 
evaluation  was  not  conducted. 

Based  on  the  test  data  and  available 
cost  data  for  two  simple  configurations, 
membrane  technology  does  not  appear 
to  be  a  good  alternative  to  carbon 
adsorption  or  other  classical  control 
options  for  low  concentration  (e.g.,  100 
ppmv)  solvent-laden  air  streams  at  this 
time.  The  capital  and  annualized  costs  of 
the  membrane-augmented  system  were 
consistently  higher  than  for  the  carbon 
adsorber  alone.  Cost  reductions  for  the 
membrane-augmented  carbon  adsorber 
(due  to  the  reduced  volume  flow)  were 
not  sufficient  to  cover  the  added  expense 
of  the  membrane  and  associated 
equipment. 


FOR  ADDITIONAL  INFORMATION:  K.  Hummel  and  T.  Nelson  are  with  Radian  Corp.,  Austin,  TX  78720-1088. 
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The  EPA  Project  Officer  can  be  contacted  at: 
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U.S.  Environmental  Protection  Agency 
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National  Aeronautics  and 
Space  Administration 


Ozone  Treatment  for 
Cooling  Towers 

Bacteria  and  scale  are 
reduced  without  pollution 
and  at  low  cost. 

A  report  presents  the  results  of  a  study 
of  a  cooling  tower  in  which  the  water  was 
treated  with  ozone  instead  of  the  usual 
chemical  agents.  Ozone  is  at  least  as  ef- 
fective as  other  chennicals  in  controlling 
the  growth  of  microbiota  in  the  tower  and  in 
the  recirculation  system  and  in  inhibiting 
the  deposition  of  scale  in  heat-exchanger 
tubes  and  water  boxes. 

Operating  and  maintenance  costs  with 
the  ozone  treatment  are  about  30  percent 
of  those  of  treatment  by  other  chemicals. 
Corrosion  rates  with  ozone  are  no  greater 
than  those  with  other  chemicals  —  3  to  5 
mils  (0.08  to  0.13  mm)  per  year.  Moreover, 
ozone,  unlike  other  chemicals,  does  not 
contaminate  the  environment. 

A  further  advantage  of  ozone  is  that, 
even  though  it  is  poisonous,  it  can  be  quick- 
ly detected  by  smell  in  very  low  concentra- 
tions. The  U.S.  Government  has  set  a  maxi- 


mum-continuous-exposure level  of  0.1 
ppm,  but  ozone  has  a  perceptible  odor  at 
0.01  to  0.02  ppm.  Coughing  and  eye- 
watering  occur  long  before  dangerous 
concentrations  are  reached. 

The  ozone  treatment  was  tested  in  a 
tower  that  had  a  recirculating  flow  of  1,700 
gal/min  (107  L/s)  and  a  total  volume  of 
6,000  gal  (22,700  L).  An  ozone  generator 
produced  4.75  Ib/d  or  90  g/h.  The  ozone 
was  introduced  into  the  circulating  water 
by  an  in-line  contactor.  Air  was  prepared 
for  the  generator  by  an  oil  less  compressor 
and  a  dual  heatless  air  dryer  The  dryer 
reduced  the  dewpoint  of  the  air  to  -60  °F 
( -  51  °C)  at  a  pressure  of  15  psi  (0.1  MPa). 
A  previous  study  had  shown  that  dry  air 
was  necessary  for  the  efficient  production 
of  ozone;  as  the  moisture  in  the  source  air 
increases,  the  concentration  of  N2O5  in- 
creases, and  that  of  ozone  decreases. 


Before  the  ozone  treatment,  the  av- 
erage bacteria  count  on  the  cooling  tower 
was  3  X  10^.  Within  3  weeks  of  the  start  of 
ozone  treatment,  the  count  had  dropped  to 
200  to  300.  The  bacterial  growth  and  scale 
on  the  slats  of  the  tower  became  soft  and 
loose,  and  much  of  it  fell  off.  Furthermore, 
the  treatment  removed  scale  and  prevent- 
ed further  deposition  by  reversing  the 
calcium  cartx)nate  equilibrium  toward  the 
bicarbonate  salt;  by  precipitating  calcium 
ions  and  other  metal  ions  as  a  fine,  sandy 
deposit  in  the  tower  basin ;  or  by  a  combina- 
tion of  these  two  effects. 

This  work  was  done  by  Rick 
Blackwelder  of  Kennedy  Space  Center 
and  Leroy  V.  Baldwin  and  Ellen  S.  Feeney 
of  EG&G,  Inc.  "The  Investigation  and 
Application  of  Ozone  for  Cooling  Water 
Treatment. ' '  KSC- 1 1 384/TN 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior    U.S.  Bureau  of  Mines 


New  Application  Found  For  Bureau  Soft-Soldering 
Technique 


When  soldering  electronic 
circuit  components,  rosin 
flux  normally  must  be  used 
because  of  its  low  corro- 
siveness.  On  the  other 
hand,  soldering  to  stainless 
steel  requires  more  aggres- 
sive chloride-based  fluxes 
that  are  harmful  to  elec- 
tronic circuitry. 

Bureau  researchers  de- 
vised a  method  to  solder 
silicon  wafers  onto  stain- 
less steel  heat  sinks,  the 
solution  to  a  problem  faced 
by  engineers  at  organiza- 
tions such  as  Tektronix  and 


Hewlett  Packard  laborato- 
ries. The  heat  sinks  were 
given  a  copper  nickel 
coating  using  an  electrolytic 
method  developed  by  the 
Bureau.  Silicon  wafers 
could  then  be  soldered  to 
the  heat  sinks  using  low 
temperature  solder  and  non 
corrosive  rosin  fluxes. 
Work  is  continuing  to  per- 
fect the  techniques  used. 

For  additional  information,  contact: 

Ottice  of  Technology  Transfer 

U.S.  BUREAU  Bureau  of  Mines  -  MS  6201 

2401  E  Street  NW 

Washington,  DC  20277-2666 

Refer  to  Spring  90,  No.  4 
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Navy  Manufacturing  Technology 

Automated  Manufacturing  Research  Facility 

National  Institute  of  Standards  &  Technology 

Formerly  the  National  Bureau  of  Standards  (NBS) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

IMDAS  Integrates  Commercial  Databases 


Manufacturers  are  continuing  to  auto- 
mate, computerize,  and  integrate  their 
factories.  An  important  part  of  this  proc- 
ess involves  data  management.  The 
fact  is  that  information  exists  in  files  and 
databases  on  different  computers,  pos- 
sibly, at  different  locations.  Integration 
under  these  circumstances  is  proving  to 
be  difficult. 

AMRF  engineers  have  built  a  proto- 
type system  which  is  specifically  de- 
signed to  manage  factory  data  in  this 
multi-site,  heterogeneous  computing 
environment  -  Integrated  Manufacturing 
Data  Administration  System,  or  IMDAS. 
IMDAS  makes  it  possible  for  manufac- 
turers to  choose  hardware  and  software 
to  meet  their  specific  needs  and  still  be 
able  to  build  an  integrated  system.  The 
goal  of  the  IMDAS  is,  conceptually,  the 
same  as  the  goal  of  the  shop  floor  control 
system  ■  make  maximum  use  of  the 
resources  you  have  to  get  the  job  done. 
In  the  latter  case,  the  resources  are 
machine  tools,  robots,  etc  and  the  job  is 


to  manufacture  parts.  For  IMDAS,  the 
resources  are  computer  databases,  and 
the  job  IS  to  provide  data  to  users  as 
quickly  as  possible. 

The  data  in  the  AMRF  is  stored  in  re- 
lational and  object-oriented  databases 
which  are  physically  distributed  across 
several  different  computer  systems. 
IMDAS  integrates  these  commercial 
databases  into  a  single  logicaldatabase, 
accessible  through  a  common  interface, 
to  the  entire  AMRF.  Users  simply  re- 
quest the  data  they  need  and  the  format 
they  want.  The  user  does  not  need  to 
know  where  or  how  it  is  stored,  or  what 
must  be  done  to  get  it. 

FOR  ADDITIONAL  INFORMATION: 

To  discuss  this  effort  further,  coniact: 

Mr.  Edward  Barkmeyer 

Bldg.  220,  Room  A127 

AMRF  Project 

National  Institute  of  Standards  &  Technology 

Gaithersburg,  MD  20899 

Telephone:  (301)975-3528 
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Navy  Manufacturing  Technology 

Automated  Manufacturing  Research  Facility 

National  Institute  of  Standards  &  Technology 

Formerly  the  National  Bureau  of  Standards  (NBS) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Plasma  Spray-Computer  Numerical  Controlled  Workcell 


Each  year  Naval  maintenance  activi- 
ties repair  or  manufacture  several  thou- 
sand parts  through  the  manual  applica- 
tion of  plasma  spraying  and  finishing 
ptocedures.  Experience  at  Puget  Sound 
Naval  Shipyard  and  other  maintenance 
activities  has  demonstrated  the  economic 
benefit  of  this  repair  technique.  These 
remanufactured  parts  often  perform 
better  than  the  original  parts  at  a  fraction 
of  the  new  part  price.  However,  present 
process  controls  and  quality  assurance 
are  wholly  operator  dependent.  Proce- 
dures require  a  relatively  high  level  of 
operator  skill  and  concentration.  Opera- 
tor fatigue  and  subjective  technique  can 
detract  from  overall  cost  effectiveness 
and  final  part  quality. 

The  Navy  Manufacturing  Technology 
Program  has  Initiated  a  project  to  inte- 
grate plasma  spraying  techniques  with 
modern  computer  numerical  controlled 
(CNC)  machine  tools.  This  integration 
will  produce  several  benefits: 

•  process  controls  will  no  longer  be 
dependent  on  varying  operator  skill 
and  fatigue; 

•  overall  parts  quality  and  consistency 
will  improve; 

•  operator  training  requirements  and 
skill  levels  will  be  reduced  drastically; 

•  process  planning  will  be  automated, 
reducing  the  engineering  support 
required  for  these  procedures;  and 

•  scrap  levels  of  damaged  or  detective 
parts  will  be  reduced. 

Overall  program  management  and 
coordination  is  provided  by  the  National 
Center  for  Excellence  in  Metalworking 
Technology  (NCEMT).  The  Naval  fllate- 
rials  &  Assurance  Engineering  Office 
(NAVSEA  05M)  coordinates  resource 
requirements  and  overall  program  direc- 
tion. David  Taylor  Reseaich  Center, 
Annapolis,  is  providing  technical  support 
in  process  standards  and  testing.  Puget 
Sound  Naval  Shipyard  is  contributing 
process  experience  and  procedure  test- 


ing, and  will  be  the  initial  customer  of  the 
integrated  system  It  is  expected  that  an 
advisory  group  wiil  be  formed  from  rep- 
resentatives of  other  areas  of  the  DOD 
and  commercial  Industry. 

The  program  plan  calls  for  the  devel- 
opment of  a  prototype  plasma  spray- 
CNC  workcell.  This  workcell  will  mclude 
plasma  powder  thermal  spraying  equip- 
ment and  a  CNC  turning  center.  The 
components  of  the  workceli  will  be  coi^- 
trolled  through  an  operator  interface, 
which  will  automate  the  process  plan- 
ning. The  workcell  will  contain  inte- 
grated parts  preparation,  thermal  spray- 
ing, parts  finishing  and  quality  assur- 
ance. A  stand-alone  process  planning 
system  will  also  be  developed.  It  will 
produce  a  process  plan  (job  control  rec- 
ord), process  instruction,  and  quality 
assurance  documentation  for  use  with 
separate  thermal  spray  and  machining 
equipment.  This  system  is  intended  for 
use  in  existing  military  Intermediate 
Maintenance  Activity  (IMA)  and  small 
commercial  shop  environments.  Along 
with  the  prototype  hardware  the  program 
will  produce  a  data  acquisition  package 
to  allow  multi-vendor  competition  for  pro- 
ducing industrially  hardened  workcells. 

There  are  three  major  segments  to 
this  program:  integration,  demonstra- 
tion, and  technology  transfer.  The  ma- 
jority of  the  technical  work  will  be  carried 
out  in  the  integration  phase,  during  which 
investigations  will  be  undertaken  on 
several  major  topics.  A  customer 'parts 
survey  will  be  carried  out  to  determine 
customer  needs  and  system  require- 
ments. Alternate  surface  preparation 
techniques  will  be  tested  and  evaluated, 
along  with  surface  finishing  techniques. 
Quality  assurance  techniques  will  be 
defined  and  developed  for  mtegraton 
into  the  workcell.  All  of  these  processes 
will  be  integrated  into  one  workcell  with 
an  appropriate  amount  of  automaton. 
The  demonstration  portion  of  the  pfo- 
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gram  will  begin  at  NCEMT.  The  parts 
repair  capability/benefits  of  the  Plasma 
Spray-CNC  Workcell,  process  planner 
and  process  database  will  be  demon- 
strated to  DOD,  commercial,  and  DOE 
customers.  Then  the  prototypes  will  be 
moved  to  Puget  Sound  Naval  Shipyard 
for  further  demonstration  of  the  IMA  repair 
capabilities  in  the  shipyard  production 
environment.  The  workcell  and  process 
planner  will  be  validated  for  shipyard  and 
IMA  use.  The  final  segment  of  the  pro- 
gram will  involve  transfer  of  the  devel- 
oped technology  to  the  repair  and  main- 


tenance communities.  This  transfer  will 
include  cost/benefits  analysis,  logistics 
support  analysis,  Navy  training  support 
plan,  and  a  data  acquisition  package  for 

future  units. 


FOR  ADDITIONAL  INFORMATION: 

To  discuss  this  effort  further,  contact: 

Mr.  Bryan  Tipton 

AMRF  Project 

National  Institute  of  Standards  &  Technology 

Gaithersburg,  MD  20899 

Telephone:  (814)269-4888 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Modification  of  Gear  Teeth  To  Reduce  Vibrations 

Computer  simulations  yield  data  useful  in  designing  for  low  noise. 


The  effects  of  modifications  in  the  shape 
of  gear  teeth  upon  the  static  transnnission 
error  and  dynannic  loading  of  the  gears  are 
now  analyzed  systematically  with  the  help 
of  computer  simulations.  Design  curves  are 
generated  by  conducting  numerical  simula- 
tions of  dynamic  effects  at  successive  in- 
cremental modifications  of  gear  systems 
operated  at  various  applied  loads.  The 
modifications  that  result  in  minimum  dy- 
namic effect  can  then  be  determined  from 
the  design  curves. 

The  new  analytical  procedure  was  dem- 
onstrated by  applying  it  to  a  simple  power- 
transmission  system  containing  two  identi- 
cal spur  gears  (see  Figure  1 ).  The  tips  of  the 
teeth  have  been  relieved  along  various 
lengths  and  in  various  amounts  (see  Figure 
2).  The  dynamic  equations  of  the  system  in- 
volve the  moments  of  inertia  of  the  motor, 
load,  gears,  and  shafts;  the  torsional  stiff- 
nesses of  the  shafts  and  gears;  transmis- 
sion errors;  pitch  errors;  errors  in  the  loca- 


tions of  teeth;  friction;  and  input  and  output 
torques.  The  analysis  of  meshing  to  deter- 
mine the  static  transmission  error  and 
sharing  of  load  among  teeth  requires  the 
solution  of  four  simultaneous  equations 
that  involve  the  loads,  point(s)  of  contact, 
compliances  of  the  teeth,  and  errors  in  po- 
sition. 

The  equations  of  motion  were  linearized 
and  solved  in  an  iterative  procedure.  A 
constant  input  torque  was  assumed,  and 
the  output  torque  was  assumed  to  fluc- 
tuate as  a  result  of  the  variations  with  time 
of  the  stiffness,  friction,  and  damping  in  the 
gear  mesh.  The  initial  angular  displace- 
ments were  obtained  by  preloading  the  in- 
put shaft  with  the  nominal  input  torque.  The 
initial  angular  speeds  were  the  nominal 
operating  speeds.  The  calculated  angular 
displacements  and  the  speeds  calculated 
during  each  increment  of  time  were  com- 
pared with  the  assumed  initial  values.  Un- 
less the  differences  between  them  were 


GEAR  DATA 

Gear  Tooth Standard  Full-Depth  Tooth 

Module  (Diametral  Pitch),  mm 3. 1 8  (8) 

Pressure  Angle,  Degrees 20 

Number  of  Teeth 28 

Face  Width,  mm  (In.)   25.4  (i  o) 

Design  Load,  N/m  (lb/In.) 350,000  (2,000) 

Theoretical  Contact  Ratio 1.64 
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smaller  than  preset  tolerances,  the  calcu- 
lation was  repeated,  using  the  averages  of 
the  initial  and  calculated  values  as  the  new 
initial  values. 

The  data  generated  in  these  calcula- 
tions include  static  transmission  errors, 
loads  on  teeth,  and  transmission  errors,  all 
as  functions  of  roll  angle.  Other  outputs  in- 
clude error  amplitudes  at  various  tooth- 
mesh  harmonics  and  dynamic  factors  (ra- 
tios of  dynamic  to  static  loads)  versus 
speed  for  modified  and  unmodified  tooth 
profiles.  An  "effective  error"  is  calculated 
from  the  frequency  components  of  the 
static  transmission  error  The  effective  er- 
ror was  found  to  be  a  sensitive  indicator 
useful  for  optimizing  gear-tooth-profile 
modifications.  Additional  calculations  pro- 
duced such  design  curves  as  error  ampli- 
tudes and  maximum  dynamic  factors  as 
functions  of  the  length  of  profile  modifica- 
tion for  various  harmonics.  An  overview  of 
the  data  leads  to  the  following  conclusions; 
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SAMPLE  PROFILE  CHART  FOR 
LINEARLYMOOIFIED  GEAR  TOOTH 


Figure  1.  This  Simple  Power-Transmission  System  contaitiing  two 

identical  spur  gears  was  analyzed  by  a  computer  simulation  of  its 

dynamics  to  determine  the  effects  of 

modifications  of  the  gear  teeth.  Figure  2.  Each  Gear  Tooth  in  the  system  of  Figure  1  was  modified  by  the  removal  of  some 

material  at  the  tip.  While  this  modification  has  little  effect  on  the  static  performance  of  a  set 
of  gears,  it  exerts  considerable  influence  over  the  dynamic  performance  of  realistic  gears. 
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•  The  modifications  of  tine  teeth  significantly 
affect  the  dynamic  characteristics  of  the 
system; 

•The  dynamic  factor  can  be  simulated 
analytically  by  the  effective  error  calcu- 
lated from  the  frequency  components  of 
the  static  transmission  error  of  a  pair  of 
gears; 

•  The  effective  error  is  a  good  indicator  for 
selection  of  the  length  and  amount  of 
nxdification  to  reduce  the  dynamic  load; 

•The  length  of  the  zone  of  modification 
should  be  increased  or  decreased  if  the 


gears  are  to  be  operated  at  greater  or  less, 
respectively  than  the  design  load; 

•  An  increase  in  the  applied  load  or  a  de- 
crease in  the  total  amount  of  tip  relief  re- 
duces the  sensitivity  of  the  gears  to 
changes  in  the  length  of  the  zone  of  modifi- 
cation; and 

•  The  dynamic  loads  on  the  teeth  of  gears 
that  must  operate  in  a  range  of  loads  can 
be  minimized  by  an  optimum  modification 
of  the  teeth. 

This  work  was  done  by  Dennis  P. 
Townsend  and  Fred  B.  Oswald  of  Lewis 


Research  Center  and  Hsiang  Hsi  Lin  of 
l\Aempf)is  State  University.  Furtlier  infor- 
mation may  be  found  in  NASA  Tl\/I-89901 
[N87-28918],  Price  Code:  A03  "Profile 
Modification  To  Minimize  Spur  Gear 
Dynamic  Loading." 

Copies  may  be  purchased  from  the  Na- 
tional Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be  plac- 
ed for  an  extra  fee  by  calling  (800) 
336-4700. 
LEW-14738/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O  Box  8757, 
BWI  Airport.  MD  21240:  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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National  Aeronautics  and 
Spaco  Administration 


Goddard  Space  Flight  Center,  Green  belt,  Maryland 


Compliant  Joints  for  Robots 

Misalignments  between  tools  and  robotic  manipulators  are  accommodated. 


(3ompliant  joints  have  been  devised  to 
accommodate  misalignments  of  tools  and/ 
or  workpieces  with  respect  to  robotic  ma- 
nipulators. A  typical  joint  of  the  new  type 
has  some  of  the  characteristics  and  ap- 
pearance of  both  a  universal-joint  and  a 
cable-spring-type  flexible  shaft  coupling 
(see  Figure  1).  As  in  cable-spring-type  flexi- 


Figure  1    This  Compliant  Joint  Holds  a 

Tool  that  may  have  to  be  misaligned  with 
respect  to  the  robot  arm  in  order  to  grasp 
theworkpiece.The  complianceof  the  pieces 
of  cable  allows  for  the  misalignment. 

ble  shaft  couplings,  the  compliance  is  de- 
rived from  the  elastic  properties  of  short 
pieces  of  cable. 

The  compliance  of  a  joint  is  determined 
by  the  lengths,  distances  between,  relative 
orientations,  thickness  of  strands,  number 
of  strands,  material,  amount  of  pretwist, 
and  number  of  the  short  pieces  of  cable. 
The  lengths  of  the  pieces  of  cable  can  be 
fixed  at  assembly  either  manually  or  by 
use  of  adjusting  mechanisms  like  worm  or 
hydraulic  drives.  A  worm-drive  mechanism 
(see  Figure  2)  could  also  be  used  to  adjust 
lengths  to  vary  the  compliance  as  needed 
during  operation. 


Servomotor 
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WORM-DRIVE  CABLE  ADJUSTER 


i.       


Robot  Arm 


JOINT  INSTRUMENTED  WITH  LVDT's 


Figure  2.  Thie  Worm-Drive  Mechanism 

(above)  lengthens  or  shortens  the  small 
pieces  of  cable  on  a  side  of  the  joint  to 
increase  or  decrease  the  compliance. 
Linear  variable-differential  transformers 
(below)  can  be  installed  on  the  joint  to 
measure  flexure. 

The  six  degrees  of  freedom  (translation 
along,  and  rotation  about,  each  of  the  three 
principal  axes  shown  in  Figure  1)  of  the 
joint  are  referred  to  its  geometric  center 
As  a  result,  translation  and  rotation  are 
decoupled  from  each  other;  that  is,  transla- 
tion along  an  axis  does  not  produce  rota- 
tion about  the  same  or  another  axis,  and 
rotation  about  an  axis  does  not  produce 
translation.  This  simplifies  the  design  of  the 
control  system  needed  to  achieve  the  de- 
sired translational  and  rotational  motions. 


The  joint  can  be  instrumented  with 
linear  variable-differential  transformers 
(LVDT's)  (also  shown  in  Figure  2)  to  meas- 
ure deflections.  The  outputs  of  the  LVDT's 
can  be  processed  into  signals  that  indicate 
the  misalignment  of  the  tool  with  respect  to 
the  robot  hand.  These  signals  can  be  com- 
bined, through  suitable  processing,  with 
signals  indicative  of  the  position  and  orien- 
tation of  the  robot  hand  to  obtain  an  indica- 
tion of  the  position  and  orientation  of  the 
tool  in  the  frame  of  reference  of  the 
workspace.  The  outputs  of  the  LVDT's 
could  also  be  used  as  feedback  control 
signals  for  the  orientation  of  the  tool. 

This  work  was  done  by  James  J  Kerley, 
Jr..  0/ Goddard  Space  Right  Center  For 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel.  Goddard  Space  Flight  Center 
Refer  to  GSC-13127/TN. 

Goddard  Space  Flight 
Center 

Technology  Utilization 

Officer  Donald  S 

Fnedman 

Mail  Code  702.1 

Greent)elt.  MD  20771 

(301)  286-6242 

Patent  Counsel 

R  Dennis  MarcTiant 

Mail  Code  204 

Greenbell.  MD  20771 

(301)  286-7351 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  PO.  Box  8757. 

BWI  Airport.  MD  21240.  (301)  621-0100  Ext   241 
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Navy  Manufacturing  Technology 

Automated  Manufacturing  Research  Facility 

National  Institute  of  Standards  &  Technology 

Formerly  the  National  Bureau  of  Standards  (NBS) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Coordinate  Measuring  Machines  (CMMs)  Standards 


During  the  past  decade,  Coordinate 
Measuring  Machines  (CMMs)  have 
become  faster  and  more  powerful,  with 
improved  user  interfaces  and  better 
accuracy.  CMMs  do  not  measure  the 
same  way  that  hard  tooling  does,  and 
that  factor  -  among  others  -  led  GIDEP  to 
issue  an  alert  regarding  nonconformance 
of  CMM"answers"to  those  obtained  with 
hard  tooling.  NIST  scientists  have  been 
working  during  the  past  year  with  DOD 
officials,  standards  organizations,  and 
CMM  makers  to  develop  the  technical 
means  to  address  these  issues. 

The  NIST  measurement  experts  are 
working  with  the  B89  standards  commit- 
tees on  two  projects:  the  development  of 
a  standard  mathematical  foundation  for 
mechanical  part  dimensioning  and  toler- 
ancing,  and  the  establishment  of  stan- 
dards for  specifying  and  assessing  the 
performance  of  CMM  data  analysis  soft- 
ware. The  mathematical  models  will 
eliminate  the  ambiguity  in  the  current 
version  of  the  ANSI  Y14. 5  dimensioning 
and  tolerancing  standard.  This  will  pro- 


vide the  foundation  necessary  to  actu- 
ally verify  whether  or  not  a  given  part  is 
within  tolerance.  The  primary  compo- 
nent of  the  performance  standard  will  be 
a  library  of  reference  algorithms  for 
analyzing  CMM  output  data.  NIST  is 
heavily  involved  in  the  specification  and 
testing  of  those  algorithms  which  will 
help  users  evaluate  their  CMMs. 

CMMs  are  gaining  in  popularity.  Rut, 
while  the  industry  has  moved  rapidly  to 
integrate  CMMs  into  their  existing  plants, 
the  Navy  has  not.  NIST  is  working  closely 
with  several  standards  labs  and  rework 
facilities  to  assess  the  Navy's  need  for 
CMMs  and  to  develop  a  plan  for  meeting 
the  need. 

FOR  ADDITIONAL  INFORMATION: 

To  discuss  this  effort  further,  contact: 

Mr.  Ralph  Veale 

Bldg.  220,  RoomBIH 

AMRF  Project 

National  Institute  of  Standards  &  Technology 

Gaithersburg,  MD  20899 

(301)975-3502 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior    U.S.  Bureau  of  Mines 


Tests  Point  to  Faster  Production  of  Stronger  iron  Ore 
Pellets 


A  new  laboratory  testing 
method  developed  to 
simulate  the  heating  and 
cooling  cycle  of  a  commer- 
cial straight-grate  furnace 
for  firing  iron  ore  pellets, 
indicates  that  accelerated 
production  may  be  pos- 
sible. Production  cycles 
consisting  of  three,  roughly- 
10-minute  intervals,  for 
preheating,  soaking,  and 
cooling  were  simulated. 

In  conventional  commercial 
furnaces,  the  oxygen  con- 
tent of  the  gas  added  to  the 
top  of  the  pellet  bed  is 
about  15  percent  oxygen, 
but  one  foot  below  the  top 
of  the  pellet  bed  the  oxygen 
content  is  considerably 
less.  In  the  laboratory 
tests,  1 -inch-deep  pellet 
beds  were  used,  and  the 
oxygen  content  was  main- 
tained at  6  percent  oxygen 
throughout  the  cycle.  This 
resulted  in  average  pellet 
compressive  strengths  of 


only  about  300  pounds. 

Tests  using  increased 
oxygen  resulted  in  stronger 
pellets.  When  the  oxygen 
content  was  increased  to 
31  percent  for  two  minutes 
(after  the  pellets  reached  a 
temperature  of  700°C) 
pellet  strength  increased  to 
about  400  pounds.  Then, 
when  the  oxygen  enrich- 
ment time  was  increased  to 
five  minutes,  the  pellet 
compressive  strength  in- 
creased to  over  500 
pounds.  These  results 
suggest  that  when  indura- 
tion furnace  production  is 
accelerated,  applying 
oxygen  enriched  air  for  five 
minutes  should  result  in 
stronger  pellets. 


For  additional  information,  contact: 


Olfice  of  Tecfinoiogy  Transfer 
U.S.  BUREAU  Bureau  of  IVIines 
2401  E  Street  NW 
Washington,  DC  20277-2666 
Refer  to  Spring  90,  No.  7 


I^S  6201 
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Space  Administration 
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Borescope  With  Large  Depth  of  Focus 

Clear,  focused  images  are  easier  to  obtain. 


The  modification  of  a  commercial  bore- 
scope  yields  clear,  glare-free  images  of 
defects  on  the  inside  of  a  tube.  The  instru- 
ment offers  a  large  depth  of  focus  and 
therefore  can  be  used  in  tubes  of  varying 
inside  diameter  (see  figure). 

A  borescope  with  fused  optical  fibers  (Di- 
aguide  3AD50A-0202  or  equivalent)  was 
selected  because  the  fusion  eliminates  the 
uneven  honeycomb  lighting  effect  seen 
through  unfused-fiber  borescopes.  When 
uneven  lighting  is  thus  eliminated,  subtle 
defects  become  visible. 

The  focal  length  of  the  borescope  can 
be  adjusted  continuously  from  0.1 3  in.  (0.32 
cm)  to  infinity.  The  borescope  can  easily 
furnish  a  sharply  focused  image  of  the  wall 
of  the  tube,  which,  in  the  original  applica- 
tion, ranges  in  diameter  from  0.19  to  1  in. 
(0.48  to  2.5  cm).  In  contrast,  borescopes 
with  unfused  fibers  are  restricted  to  focal 
lengths  of  about  0.25  in.  (0.64  cm). 

The  outside  diameter  of  the  borescope 
is  0.08  in.  (2  mm),  and  its  working  length  is 
39  in.  (99  cm).  Because  its  3,000  quartz  op- 
tical fibers  are  fused  together,  they  are 
rigid.  Thus,  the  fused-fiber  borescope  can- 
not be  bent  to  aim  it,  unlike  the  unfused- 
fiber  version.  However,  the  greater  clarity 
of  the  image  more  than  makes  up  for  the 
inflexibility. 

As  purchased,  the  borescope  gives  a 
straight-through  view.  A  right-angle  mirror 
is  attached  to  the  end  of  the  borescope  to 
direct  the  line  of  sight  laterally  to  the  wall  of 
the  tube.  Instead  of  the  integral  light  source 
that  is  part  of  the  borescope  as  supplied,  a 
separate  light  source  is  added  —  one  that 
can  be  manipulated  to  eliminate  glare  and 


Diverging 
Tube 


The  Borescope  Is  Used  To  Examine  the  diverging  wall  of  a  tube.  Thie  wall  is  illuminated 
by  light  from  a  fiber  distinct  from  the  fused-fiber  cable  used  for  viewing.  The  viewing 
cable  holds  a  right-angle  mirror  at  its  tip  (not  shown)  so  that  it  can  look  sideways. 
The  image  appears,  magnified,  on  a  monitor. 


accentuate  shadows.  The  new  source  is  a 
single-strand  of  plastic  fiber,  0.02  in.  (0.5 
mm)  in  diameter,  illuminated  at  one  end  by 
a  standard  150-W  lamp.  (Care  must  be 
taken  not  to  overheat  the  plastic  fiber.  A 
glass  fiber  or  bundle  of  glass  fibers  might 
be  preferable.)  While  the  borescope  is  held 
stationary,  the  illuminating  fiber  can  be 
moved  inward  and  outward  and  can  scan 
the  wall  to  reduce  scattering  of  light  by  a 
defect  (such  as  a  ripple  on  a  weld  joint)  and 
increase  contrast. 


A  video  camera  with  a  50-mm  lens  is  at- 
tached to  the  eyepiece  of  the  borescope 
by  a  snap-on  connector  The  camera  trans- 
mits a  clear,  magnified  image  to  a  televi- 
sion monitor 

This  work  was  done  by  Kamal  S.  Guirguis 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center  No  further 
documentation  is  available. 
MFS-29461/TN 
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Inspecting  the  Full  Circumferences  of  Tubes 

An  optical  tool  would  surround  a  tube  for  fast,  thorough  inspection. 


A  proposed  tool  for  the  inspection  of  ex- 
ternal welds  on  a  tube  would  give  a  view  of 
a  full  circumferential  strip  of  the  outer  sur- 
face. The  tool  would  be  similar  to  the  bore- 
scopes  used  to  inspect  the  interiors  of 
tubes.  Instead  of  fitting  inside  a  tube, 
however,  the  new  tool  would  encircle  it. 

When  a  conventional  borescope  is  used 
to  inspect  the  outer  surface  of  a  tube,  it 
must  be  scanned  manually  over  the  tube 
and  continually  reoriented  so  that  its  view 
remains  perpendicular  to  the  surface.  With 
the  new  encircling  tool,  inspection  would 
be  more  reliable  and  less  time  consuming. 

The  tool  would  contain  a  sheath  of  opti- 
cal fibers  to  carry  the  image  of  the  surface 
from  a  lower  lens  to  an  upper  lens  (see 
figure).  The  lower  lens,  in  the  shape  of  an 


annulus,  would  turn  rays  of  light  from  the 
surface,  directing  them  into  the  optical 
fibers.  The  upper  lens,  also  an  annulus, 
would  magnify  the  image  from  the  fibers 
for  observation  by  the  user.  A  light  source 
would  surround  the  sheath  to  illuminate  the 
tube. 

This  work  was  done  by  John  P.  Geddes 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center. 
MFS-29407n'N 


The  Inspection  Tool  would  be  essentially 
a  borescope  that  has  been  turned  inside 
out  so  that  it  looks  at  a  tube  fronn  the  out- 
side instead  of  the  inside. 
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Multiple-lnlet/Single-Outlet  Orifice  Plate 

Susceptibility  to  blockage  is  reduced.         ^i'- 


An  orifice  plate  for  the  control  of  flow 
has  multiple  slanted  inlets  leading  to  a 
single  outlet.  The  multiple-inlet/single-outlet 
orifice  is  less  susceptible  to  blockage  than 
is  a  single  hole  drilled  through  the  plate 
perpendicular  to  its  surface.  The  multiple- 
inlet/single-outlet  orifice  plate  is  easily 
calibrated  for  various  flow  rates  and  fits  in 
place  of  the  simple  orifice  plate  with  no 
other  modifications. 

As  shown  in  Figure  1,  the  multiple  inlet 
holes  converge  into  the  controlling  outlet 
hole,  which  is  slightly  wider  Because  the 
outer  ends  of  the  slanted  holes  are  in  a 
slanted,  recessed  surface,  they  are  unlike- 
ly to  be  blocked  by  a  flat  object  placed  on 
the  orifice  plate.  Even  if  one  becomes 
blocked  by  a  particle  of  contaminant,  the 
others  are  likely  to  remain  clear  The  flow 
characteristics  of  the  multiple-inlet/single- 
outlet  orifice  are  similar  to  those  of  a  single 
hole  (see  Figure  2). 

This  work  was  done  by  Robert  L.  Godown 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center. 

MFS-29407/TN 


Figure  1.  The  Multiple-lnlet/Singie-Outlet  Orifice  is  machined  in  a  plate  in  place  of  a  single 
perpendicular  hole  of  0.0813-in.  (2.07-mm)  diameter  m 


1 r 


i  Simple  Ofitice 
I  Mulllple-lnlet/ 
Slngle-Outlsl  Orifice 
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Drop  In  Pressure,  psi 


Figure  2.  The  Rate  of  Flow  as  a  Function 

of  Pressure  was  measured  in  a  single 
orifice  of  0.0813-in.  (2.07-mm)  diameter 
and  in  the  multiple  inlet/single-outlet  ver- 
sion shown  in  Figure  1. 
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Magnetohydrodynamic  Device  for  Purifying  Molten  Metals 
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Key  words:  Metal  casting;  metal  fatigue;  molten 
metals;  purification;  nonmetallic  inclusion; 
magnetofiydrodynamics 

To  be  reliable,  fiigh-performance  metal 
components  and  near-net-shape  castings  need  to 
be  as  free  of  defects  as  possible.  Nonmetallic 
inclusions  are  defects  of  particular  concern 
because  cracks  originate  from  them.  Turbine 
disks,  for  example,  can  fail  unpredictably 
because  of  fatigue  cracks  that  begin  at 
nonmetallic  inclusions. 

Ceramic  filters  are  currently  used  to  remove 
these  inclusions.  These  filters  are  valuable  for 
small-scale  use  in  foundries  or  in  the  special- 
metals  industry  but  are  too  expensive,  inefficient, 
and  unreliable  for  large-scale  applications. 
Ceramic  filters  are  fragile  and  cannot  be  recycled; 
they  clog  quickly  and  cannot  be  adapted  easily  to 
current  industry  practices. 

A  magnetohydrodynamic  (MHD)  device  being 
developed  at  ORNL  will  provide  an  inexpensive, 
efficient,  and  reliable  method  for  removal  of 
nonmetallic  impurities  from  a  variety  of  molten 
metals  and  alloys.  An  ac  electromagnet  is  used  to 
induce  an  alternating  current  in  a  flowing  stream  of 
liquid  metal.  The  metal  is  confined  within  a 
specially  designed  chamber  placed  between  the 
faces  of  the  electromagnet. 

As  the  metal  flows  through  the  chamber,  it  is 
acted  upon  by  magnetohydrodynamic  forces 
created  by  the  crossing  of  the  magnetic  field  with 
the  current  induced  in  the  metal.  This  force,  known 
as  the  Lorentz  force,  always  occurs  at  right  angles 
to  the  plane  that  contains  the  current  and 
magnetic  field  vectors  (Fig,  1).  Although  the 
magnitude  of  the  force  varies,  one  of  the 


J  (Amps  m2) 


B  (Wb/m2) 
1Wb/m2  =  iTesIa  J  (N/m3) 

F  =7  X  B  =  |Ji  |B|  sin 


Fig.  1.  An  ac  electromagnet  is  used  to  induce  an 
alternating  current  in  a  volume  of  flowing  metal.  The 
tlux  field  of  the  magnet  then  interacts  with,  or 
"crosses, "  the  induced  current  to  produce  a  force 
on  the  conductor.  The  nature  of  the  effect  is  such 
that  the  force  on  any  given  small  volume  of  metal  is 
always  in  the  same  direction.  The  design  of  the 
separator  constrains  the  force  vectors  to  point 
radially  inward  toward  the  center  of  the  flowing 
stream.  This  causes  the  nonmetallic  impurities  to 
"float"  in  a  direction  opposite  the  force  direction 
because  they  see  the  forces  as  the  equivalent  of  a 
large  density  increase  in  thie  metal.  When  they  reach 
the  outside  of  the  stream,  the  impurities  can  either 
be  absorbed  on  the  chamber  wails  or  drained  off. 


characteristics  of  the  system  is  that  the  force  at 
any  given  position  in  the  flowing  metal  is  always 
unidirectional.  This  phenomenon  can  be  thought  of 
as  a  body  force  on  the  liquid,  one  that  is  always 
directed  toward  the  centerline  of  the  flowing 
stream.  It  can  also  be  thought  of  as  an  apparent 
density  increase  within  the  liquid. 

The  nonconducting  or  poorly  conducting 
inclusions  are  either  unaffected  or  only  minimally 
affected  by  the  magnetohydrodynamic  forces.  This 
results  in  very  large  buoyancy  forces  on  the 
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impurity  particles  as  they  find  themselves 
surrounded  by  a  very  "high-density"  fluid.  The 
particles  will  then  float  toward  the  outside  of  the 
stream  where  they  can  be  either  absorbed  on  the 
chamber  walls  or  diverted  into  a  slag  layer  above 
the  casting.  Computer-modeling  studies  are  under 
way  to  optimize  the  flow  pattern  of  the  metal  to 
negate  stirring  caused  by  the  curl  of  the  forces. 
The  ORNL  device  requires  an  electromagnet 
and  disposable  ceramic  replacement  chambers  for 
the  inclusion  separator.  It  is  anticipated  that  a 
relatively  small  initial  capital  investment  would  be 
required  and  that  the  device  itself  should  be 
relatively  maintenance  free  because  it  contains  no 
moving  parts.  Silica  shroud  tubes  are  commonly 
used  to  contain  the  flow  of  steel  as  it  is  poured. 
Such  tubes  are  normally  replaced  after  200  to 
500  tons  of  steel  have  been  poured  through  them. 
It  is  anticipated  that  the  MHD  separator  chamber 
will  require  a  similar  replacement  schedule  and 


may,  indeed,  be  incorporated  into  the  shroud  tube 
itself. 

This  device  can  provide  a  significant  advantage 
to  U.S.  industry  in  the  near  term,  particularly  in  the 
steel-making  and  aluminum  industries.  U.S.  Patent 
No.  4,786,320  has  been  granted  for  this  device. 


D.  O.  Hobson,  A  Preliminary  Study  of  the  Use  of 
Magnetohydrodynamic  ForcesTo  Remove  Impurities 
from  Molten  Metals,  ORNL/TM- 10747,  Oak  Ridge 
National  Laboratory  (June  1988). 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 

Telephone:  (615)  574-4192;  FTS  624-4192 


( 


Technology  Application 


Oak  Ridge  National  Laboratories 
Bulletin  Number  713 


A  New  Alloy  with  Improved  High-Temperature  Creep 
Resistance 
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advanced  coal-combustion  energy  systems; 
nuclear  reactors;  corrosion  resistance; 
petrochemicals 

Research  is  currently  being  pursued  at  ORNL  to 
develop  austenitic  stainless  alloys  for  use  as 
components  in  advanced  coal-combustion  systems. 
Advanced  boiler  tubes,  for  example,  must  be 
capable  of  withstanding  temperatures  of  650  to 
700°  C  with  stress  up  to  35  MPa  produced  by  the 
internal  steam  pressure.  A  modified  version  of 
alloy  800H  (20Cr-30NiTiAI,  which  has  excellent  cor- 
rosion resistance  but  poor  creep  strength)  has  been 
developed  as  a  result  of  research  on  the 
effects  of  microstructural  design  and  control 
on  properties.  The  new  high-temperature,  ultrafine- 


— I 1 r~ 

700  °C    170MPa 


ALLOY  800H 
(MILL  ANNEALED) 


HT-UPS  20Cr-30NiMoMn 

(MILL  ANNEALED) 
(REANNEALED.  1200°C) 


0  2000  4000  6000  8000  10.000  12.000 

TIME  (h) 

Fig.  1.  Commercial  alloy  800H  compared  with  two 
heats  (AX2  and  AX3)  of  the  new  HT-UPS  20Cr-30Ni- 
MoMn  alloy.  At  700°C,  the  creep-rupture  life  of  the 
HT-UPS  alloy  is  20  times  longer  in  the  reannealed 
condition  and  100  times  longer  in  the  mill-annealed 
condition  than  the  mill-annealed  commercial  alloy 
800H. 


HT-UPS  20Cr-30NiMoMn 
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(REANNEALED.  1200"C) 
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Fig.  2.  Applied  stress  vs  the  Larson-Miller  Parameter 
(rupture  lifetime  corrected  for  differences  in  test 
temperature).  The  HT-UPS  material  (heats  AX2  and 
AX3)  is  significantly  stronger  than  other  comparable 
alloys  during  high-temperature  creep.  Source  for 
commercial  800H  and  modified  BOOH:  K.  Tamura 
et  al.,  Proceedings  of  the  First  International 
Conference  on  Improved  Coal-Fired  Power  Plants. 
EPRI  (1987).  Source  for  modified  20Cr-25Ni: 
H.  Masumoto  et  al..  Proceedings  of  the  First 
International  Conference  on  Improved  Coal-Fired 
Power  Plants.  EPRI  (1987). 


precipitate-Strengthened  (HT-UPS)  20Cr-30Ni- 
MoMn  alloy  has  greatly  improved  high-temperature 
creep  strength  (Fig.  1)  and  rupture  resistance 
(Fig.  2),  with  corrosion  resistance  similar  to  that  of 
alloy  800H  This  combination  of  properties  should 
make  the  HT-UPS  alloy  attractive  for  use  in 
both  advanced  coal-combustion  and  nuclear 
energy  systems. 
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Figure  2  illustrates  the  experimental  result 
of  a  four-dimensional  matrix-vector 
multiplication,  in  which  the  input  matrix  and 
vector  elements  were  expressed  as 
transparent  squares  on  otherwise  dark 
pieces  of  film. 


This  work  was  done  by  Li-Jen  Cheng 
and  Gregory  O.  Gheen  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

Inquires  concerning  the  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL.  Refer  to 
NPO-17455/TN. 
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Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Ctiapman 
Mail  stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  l\AcCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Tecfmology  Utilization 
Mgr.  for  J  PL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Friction  and  Wear  of 
Silicon  Ceramics 

A  variety  of  ceramics  are 
tested  in  friction 
against  a  nickel  alloy. 

A  report  presents  the  results  of  an  ex- 
perinnental  study  of  friction  and  wear  in  un- 
lubricated  sliding  of  silicon-based  cerann- 
ics  on  Inconel*  718  nickel-based  alloy. 
Both  monolithic  and  fiber-reinforced  ce- 
rannics  were  tested  at  temperatures  from 
25  to  800  °C. 

The  study  was  done  to  evaluate  the 
ceramic  materials  for  potential  use  as 
cylinder  liners,  piston  caps,  and  other 
engine  parts  subjected  to  sliding  or  rub- 
bing. Silicon  carbide  (SiC),  fused  silica 
(SiOj),  syalon  (a  combination  of  silicon,  yt- 
trium, aluminum,  oxygen,  and  nitrogen),  sil- 
icon nitride  (SigN^)  with  tungsten  and  mag- 
nesium additives,  and  Si3N4  with  yttria 
(YgOg)  additive  were  tested.  Also  tested 
were  reaction-bonded  Si3N4  reinforced 
with  SiC  fibers  and  borosilicate  glass  rein- 
forced with  crossed  layers  (0°,  90°)  of  uni- 
directional carbon  fibers. 


Samples  of  the  materials  were  rubbed 
against  the  edge  of  a  rotating  disk  of  Inco- 
nel* 718.  Friction  and  wear  were  measured, 
and  the  worn  surfaces  were  examined 
under  a  scanning  electron  microscope 
and  by  energy-dispersive  x-ray  analysis. 

At  a  temperature  of  25  °C,  the  carbon-fi- 
ber/borosilicate  glass  exhibited  a  coeffi- 
cient of  friction  of  0.18,  which  was  the  low- 
est of  all.  The  total  wear  of  this  material  was 
about  100  times  as  small  as  that  of  mono- 
lithic fused  silica.  The  silicon  carbide  exhib- 
ited the  lowest  total  wear  (rub  block  +  disk) 
at  25  °C.  At  a  temperature  of  800  °C,  syal- 
on had  the  lowest  coefficient  of  friction, 
while  sialon  and  Si3N4(with  W  and  Mg)  had 
the  lowest  wear  At  temperatures  of  550  °C 
and  above,  the  oxidation  products  of  the  In- 
conel* 718  alloy  transfer  to  the  ceramic 
rub  block,  where  they  form  a  thin,  lubricat- 
ing glaze  that  reduces  friction  and  wear  in 


both  the  monolithic  and  reinforced  materi- 
als. 

* " Inconel"  is  a  registered  tradennark  of  the 
Inco  family  of  companies. 

This  work  was  done  tjy  Daniel  L.  Dead- 
more  and  Harold  E.  Sliney  of  Lewis 
Research  Center.  Further  information 
may  be  found  in  NASA  TM-1 00294 
[N88-17796],  Price  Code:  A03  ■■friction 
and  Wear  of  Monolithic  and  Fiber  Rein- 
forced Silicon-Ceramics  Sliding  Against 
IN-718  Alloy  at  25  to  80ff>C  in  Atmospheric 
Pressure." 

Copies  may  be  purchased  from  the  Na- 
tional Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be  plac- 
ed for  an  extra  fee  by  calling  (800) 
336-4700. 
LEW-14835/TN 
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Preparation  of  High-Temperature  Reactive  Oligomers 

Very  reactive  materials  form  very-heat-stable  polymers. 


A  major  goal  in  the  field  of  high-tennpera- 
ture  polymers  is  the  preparation  of  aro- 
matic polyimides  that  can  be  easily  fabri- 
cated into  parts  that  have  thermal  and 
physical  properties  required  in  aerospace 
applications.  Recent  research  has  been  di- 
rected toward  the  synthesis  of  polyimides 
that  are  soluble  in  common  organic  sol- 
vents, melt-processable,  and  thermally 
curable  without  the  evolution  of  volatile  by- 
products. Melt-processability  can  be  en- 
hanced by  lowering  the  flow  temperature 
via  synthesis  by  such  techniques  as  the  in- 
corporation of  aryl  ether  and  meta-phenyl- 
ene  linkages  in  the  backbone  of  a  polymer. 

A  previous  approach  to  obtaining  phen- 
ylated  polyimides  involved  the  Diels-Alder 
polymerization  of  phenylated  biscyclopen- 
tadienones  with  bismaleimides.  One  disad- 
vantage of  this  process  is  that  during  the 
reaction,  carbon  monoxide  is  produced 
after  the  Diels-Alder  addition.  Furthermore, 
at  temperatures  >300°C,  dehydrogena- 
tion  and  other  decomposition  processes 
occur,  yielding  [Dolymers  of  poor  solubility. 
Consequently,  research  was  conducted  to 
prepare,  by  Diels-Alder  polymerization, 
high-temperature  polymeric  materials  that 
will  maintain  their  integrities  and  tough- 
nesses during  long  exposure  times  at  ele- 
vated temperatures. 

A  unique  monomer,  N-phenyl-3,4-di- 
methylene-pyrroiidine  can  be  modified  to 
form  a  bis(exocyclodiene)  (compound  I  in 
the  figure)  for  the  preparation  of  polyimides 
by  the  Diels-Alder  process.  This  bis(ex- 
ocyclodiene)  undergoes  Diels-Alder  reac- 
tion with  a  bismaleimide  (compound  II  in 
the  figure)  without  the  evolution  of  gaseous 
byproducts.  Dimerization,  which  can  result 
from  a  Diels-Alder  reaction  between  two 
exocyclic  dienes,  was  observed  in  the 
case  of  N-phenyl-3,4-dimethylene-pyr- 
rolidine.  However,  it  was  observed  that  bis 
[4-(3,4-dimethylene-pyrroliclyl)iDhenyl]meth- 
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Diels-Alder  Polymerization  yields  com- 
pounds that  maintain  their  integrities  and 
toughnesses  during  long  exposure  times  at 
high  temperatures. 

ane  reacts  very  rapidly  with  bismaleimide 
by  Diels-Alder  addition.  This  polymerization 
was  followed  by  ^H  nuclear  magnetic 
resonance  (NMR)  spectroscopy  At  a  tem- 
perature of  50  °C  in  trifluoroacetic  acid, 
complete  polymerization  could  be  achieved 
within  48  hours.  The  polymerization  yield 
was  estimated  to  be  92  percent,  based  on 
the  integration  of  the  ^H  NMR  spectrum. 
A  polymer  powder  was  prepared  from 
the  prepolymer  solution,  which  contained 
equimolar  anx»unts  of  bis[4-(3,4-dimethyl- 
ene-pyrrolidyl)-phenyl]  methane  (as  com- 
pound I)  and  bismaleimide  (as  compound 
II)  in  solution.  Good,  flexible  films  were 
prepared  by  casting  the  prepolymer  solu- 
tion onto  a  clean  glass  surface.  However, 


the  original  polymer  film  was  insoluble  in 
organic  solvents. 

The  thermal  stability  and  decomposition 
temperature  of  the  polymer  films  were 
analyzed  by  thermogravimetric  analysis 
(TGA).  The  measurements  were  carried 
out  in  nitrogen  and  in  air,  respectively  In  ni- 
trogen, the  polymer  film  was  thermally 
stable,  with  only  10  percent  weight  loss  at 
357  °C  and  20  percent  weight  loss  at 
413  °C.  On  the  other  hand,  TGA  plots  in  air 
showed  different  behavior.  The  first  moder- 
ate weight  loss  occurred  at  a  much  lower 
temperature,  239  °C.  The  second  rapid 
weight  loss  occurred  above  400  °C  and 
was  indicative  of  total  decomposition  of  the 
polymer  backbone. 

High-temperature  polymers  can  be  syn- 
thesized by  use  of  this  technique.  Films 
and  perhaps  fibers  can  be  fabricated  from 
the  prepolymer  in  solution.  The  major  po-  £ 
tential  at  this  stage  of  the  research  appears 
to  be  limited  to  aerospace  applications. 

This  work  was  done  by  Raphael  M.  Ot- 
tenbrite  of  Virginia  Commonwealth  Univer- 
sity for  Langley  Research  Center 
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Tough,  Microcracking-Resistant,  High-Temperature  Polymer 

Simultaneous  synthesis  from  thermosetting  and  thermoplastic 
components  yields  a  polyimide  with  outstanding  properties. 


For  the  last  few  years,  there  has  been 
an  active  search  for  an  innproved  high-tenn- 
perature  matrix  resin  capable  of  perform- 
ing at  a  temperature  of  316  °C  in  air  for  sev- 
eral hundred  hours.  Some  of  the  desired 
properties  for  this  material  are  significantly 
increased  toughness,  increased  resis- 
tance to  microcracking,  good  processabil- 
ity,  and  good  mechanical  performance.  A 
new  approach  to  the  production  of  this  ma- 
terial involves  the  simultaneous  synthesis 
of  a  semi-interpenetrating  network  (semi- 
IPN)  polyimide,  consisting  of  an  easy-to- 
process  but  brittle  thermosetting  polyimide 
and  a  tough  but  difficult-to-process  ttiermo- 
plastic  polyimide.  The  synthesis  is  illustrated 
schematically  in  the  figure. 

Unlike  previous  sequential  syntheses, 
the  "simultaneous  method"  involves  a 
process  in  which  one  polymer  is  cross- 
linked  in  the  immediate  presence  of  the 
other  undergoing  simultaneous  linear 
chain  extension.  This  synthesis  can  lead  to 
a  network  in  which  one  polymer  interlocks 
with  the  other,  forming  permanent  entan- 
glements in  certain  regions  of  the  network 
system.  The  resulting  physical  crosslinking 
can  provide  synergistic  properties  that  are 
nonadditive  and  are  greatly  improved  over 
the  properties  of  the  constituents. 

The  new  material,  LaRC-RP40,  was  syn- 
thesized from  the  current  leading  com- 
mercially available  high-temperature  ther- 
mosetting imide  prepolymer  (chosen 
primarily  because  of  its  easy  processability 
and  relative  low  cost  compared  to  those  of 
other  high-temperature  materials)  and 
from  a  leading  thermoplastic  monomer 
(selected  because  of  its  outstanding  ther- 
mo-oxidative  stability  toughness,  and  re- 
sistance to  microcracking). 

The  physical  and  mechanical  properties 
of  the  neat  Lal=IC-RP40  resin  and  of  a  graph- 
ite-fiber-reinforced composite  made  with  it 
were  compared  with  those  of  the  commer- 
cially available  resin  used  under  identical 
conditions.  The  comparison  showed  three 
significantly  improved  properties:  (1) 
toughness  (322  percent  increase,  368  vs. 
87  J/m^,  (2)  resistance  to  microcracking  (0 
vs.  58  microcracks/in,,  and  (3)  glass- 
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Addition-Type  Thermosetting  Polyimide 

•  Easy  To  Process 

•  Brittle 


Condensation-Type  Thermoplastic  Polyimide 

•  Difficult  To  Process 

•  Tough 


Semi-IPN 

•  Easy  To  Process 

•  Tough 

The  Interpenetrating  Polymer  Network  (IPN)  is  obtained  in  simultaneous  syntheses  of  two 

polymers. 


transition  temperature  (369  vs.  339  °C). 
These  improvements  in  properties  were 
achieved  without  significantly  compromis- 
ing processability  (curing  temperature  of 
316  °C  for  both  materials),  mechanical  per- 
formance at  high  temperature  (at  316  °C, 
flexural  strength  1,199  MPa  compared  to 
1,096  f\/IPa),  and  cost-effectiveness. 

LaRC-RP40  clearly  shows  considerable 
promise  as  a  high-temperature  matrix  res- 
in for  a  variety  of  components  of  aircraft 
engines  and  for  use  in  other  aerospace 
structures.  The  development  of  LaRC- 
RP40  has  also  demonstrated  that  simul- 
taneous improvements  in  both  toughness 
characteristics  and  glass-transition  tem- 
perature, which  are  very  difficult  to  achieve 
by  conventional  polymer  syntheses,  are 
technically  feasible  and  are  an  attractive 
feature  of  the  current  semi-IPN  synthesis. 


This  work  was  done  tyy  Ruth  H.  Pater. 
Pert  Razon.  Ricky  Smith,  and  Dennis 
Working  of  Langley  Research  Center 
and  Alice  Chang  and  Margaret  Gertier  of 
PRC. 
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Computer  Model  of  Fiber  Use  in 
the  Pulp  and  Paper  Industry 

The  pulp,  paper,  and  paperboard  industry  accounts  for 
more  than  a  fourth  of  all  wood  products  made  annu- 
ally in  the  United  States.  Using  primarily  pulpwood  and 
recycled  wood  fiber,  it  produces  such  diverse  products 
as  printing  and  writing  papers,  sanitary  papers,  packag- 
ing papers  and  boxes,  and  construction  paper  and  board. 
Manufacturing  processes  differ  greatly  by  product  and  by 
region,  especially  in  types  and  amounts  of  fiber  required. 

The  Pulp  and  Paper  Spreadsheet  Model,  developed  at 
the  Forest  Products  Laboratory,  provides  a  detailed  ac- 
counting of  fiber  requirements  by  product  grade,  manu- 
facturing process,  and  region.  As  such,  it  is  a  detailed 
computer  representation  of  fiber  consumption  in  the  U.S. 
pulp,  paper,  and  paperboard  industry. 

The  model  links  production  and  fiber  consumption  sec- 
tors by  specific  conversion  factors.  These  factors  de- 
fine the  amount  of  wood  pulp  and  recycled  fiber  needed 
per  ton  of  product  output  and  the  amount  of  pulpwood 
needed  per  ton  of  wood  pulp.  The  model  calculates 
product  output  and  fiber  consumption  for  ten  paper  and 
board  grades,  eight  wood-pulp  grades,  five  recycled-fiber 
grades,  softwood  and  hardwood  pulpwood,  and  three 
U.S.  regions.  Pulpwood  consumption  is  also  tracked  as 
either  roundwood  or  residues  and  by  nine  subregions. 

Percent  hardwood  of  total  pulpwood  fiber 
100 


North 


South  West  U.S.  total 


The  Pulp  and  Paper  Spreadsheet  Model  projects  U.S. 
fiber  requirements  by  product  grade,  manufacturing  pro- 
cess, and  region.   This  chart  illustrates  projected  regional 
differences  in  use  of  hardwood  fiber  for  paper  production 
in  the  year  2000. 
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The  FPL-developed  model  tracks  the  source  of  fiber  used 
in  U.S.  paper  production  from  1990  to  2040.    This  illustra- 
tion shows  the  mix  of  fiber  in  the  year  2000. 

Separate  computer  spreadsheets  represent  the  industry 
in  1986  and  in  each  decade  from  1990  to  2040.  The  1986 
spreadsheet  compiles  all  available  industry  data  for  that 
year.  The  spreadsheets  for  1990  and  beyond  contain  pro- 
jections and  assumptions  about  future  production  levels, 
regional  distributions,  and  conversion  factors. 

The  spreadsheet  model  can  be  used  to  calculate  U.S.  in- 
dustry's pulpwood  and  fiber  requirements  in  detail  by 
region  for  a  given  level  of  production.  The  model  could 
also  be  used  to  test  alternative  cissumptions  about  wood 
use  by  product  grade  and  region  and  to  determine  the 
impact  of  technology  changes. 

This  e<isy-to-use  model  was  developed  using  a  microcom- 
puter based  spread.sheet  package.  The  spreadsheet  for 
each  year  is  available  as  a  separate  computer  diskette. 
Any  of  the  model's  data  or  equations  can  be  easily 
changed,  and  results  are  then  recalculated  automatically. 
The  model  can  also  be  enlarged  in  scope.  Factors  that 
could  be  added  include  exports  and  imports,  manufac- 
turing costs  and  fiber  prices,  wastepaper  recovery,  and 
additional  manufacturing  processes. 

For  additional  information,  contact: 

Irene  Durbak 

Economist 

Forest  Products  Laboratory 

One  GifTord  Pinchot  Drive 

Madison,  WI  53705-2398 

(608)231-9377 


United  States  Forest  State  and 

Department  of  Agriculture  Service  Private  Forestry 


Forest  Products 
Laboratory 
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Resin  Characterization 

Development  of  an  adhesive  for  a  specific  wood-bonding 
process  can  be  a  long  process  of  trial  and  error  without 
knowledge  of  the  curing  and  bonding  characteristics  of 
the  resin.  Researchers  at  the  Forest  Products  Laboratory 
and  the  University  of  Wisconsin  are  developing  methods 
to  characterize  a  thermosetting  resin's  response  to  vary- 
ing conditions  of  temperature  and  moisture.  The  infor- 
mation gained  from  these  new  methods  should  help  resin 
manufacturers  tailor  adhesives  for  specific  applications. 

A  dynamic  mechanical  analysis  (DMA)  determines  the 
extent  of  mechanical  or  physical  cure  after  a  resin-coated 
glass  cloth  sample  is  exposed  for  various  times  to  con- 
trolled conditions  of  heat  and  moisture.  Comparing  these 
results  to  differential  scanning  colormeter  (DSC)  mea- 
surements indicates  the  extent  of  chemical  cure  occurring 
in  the  resin  during  the  same  exposure  treatments. 

Experiments  to  date  indicate  that  mechanical  cure  may 
progress  at  a  different  rate  than  chemical  cure  and  that 
the  relationship  between  curing  rates  varies  with  resin 
types.  Initial  investigations  also  show  that  higher  mois- 
ture (relative  humidity)  levels  increase  the  rate  of  cure 
for  some  resins  while  retarding  cure  for  others. 


Further  investigations  will  be  made  to  (1)  characterize 
resin  bonding  performance  under  various  conditions,  (2) 
measure  the  environmental  conditions  in  a  pressed  com- 
posite mat,  and  (3)  further  determine  chemical  changes 
occurring  in  the  resin  through  the  use  of  nuclear  mag- 
netic resonance  (NMR)  and  infrared  (IR)  spectroscopy. 
This  information  will  enhance  knowledge  of  the  environ- 
mental conditions  that  occur  during  a  gluing  operation 
and  the  chemistry  of  a  resin,  which  dictates  its  response 
to  these  conditions. 

For  further  information,  contact: 

Dob  Geimer 

Forest  Products  Technologist 

Forest  Products  Laboratory 

One  Gilford  Pinchot  Drive 

Madison,  WI  53705-2398 

(608)231-9395 


DyiiAinic  mcchnnia}  nn.ilysis  on  this  equipment  helps  Jctcriiune  the 
extent  of  mechanical  and  physical  cure  rates  for  various  resins. 


United  States  Forest  State  aiui 

Department  of  Agriculture  Service  Private  Forestry 


Forest   rrmiuot: 
Lal>i)ratory 
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Spectroscopic  Analysis  of  Insulating  Crystal  Fibers 

A  new  method  provides  rapid  characterization  of  optical  properties. 


Crystal  fibers  can  be  grown  more  rapid- 
ly and  less  expensively  than  can  crystals 
produced  by  more  conventional  methods. 
However,  because  they  are  smaller  and 
less  uniform,  measurements  of  their  opti- 
cal properties  are  more  difficult.  Accord- 
ingly, a  new  technique  for  determining  the 
optical  properties  of  insulating  single- 
crystal  fibers  has  been  developed  and  ap- 
plied to  sapphire,  spinel,  and  YAIO  crystal- 
line host  fibers  doped  with  triply  ionized 
titanium. 

The  fibers,  grown  by  use  of  a  pedestal 
heated  by  a  laser,  were  about  1  mm  in 
diameter  and  5  cm  long.  Two  faces  were 
polished  parallel  to  the  axis  of  each  fiber 
studied.  Laser  light  was  injected  perpen- 
dicular to  the  axis,  and  the  laser-induced 
fluorescence  emerging  from  the  ends  of 
each  fiber  was  measured.  Measurements 
were  also  made  of  the  absorption  spectra 
and  of  the  fluorescence  lifetimes  of  these 
fibers.  Typical  fluorescence  spectra  are 
shown  in  the  figure. 
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These  are  Typical  Fluorescence  Spectra  of 

single-crystal  fibers  of  the  indicated  ma- 
terials. The  fibers  are  doped  with  triply  ion- 
ized titanium. 

The  variety  of  defects  found  in  large 
single  crystals  is  also  found  in  the  crystal 
fibers,  wherein  the  effect  on  the  transmis- 
sion of  light  is  exaggerated  because  of  the 
sizes  of  the  fibers.  Furthermore,  these  fi- 
bers are  large  enough  to  support  the  prop- 
agation of  multiple  modes.  Thus,  signifi- 


cant scattering  may  be  expected.  One 
would  also  expect  interference  and  con- 
version of  modes,  both  caused  by  defects 
and  nonuniformities  in  the  cross  sections 
of  the  fibers,  to  complicate  the  measure- 
ments of  absorption. 

A  statistical  treatment  of  the  transport  of 
radiation  through  fibers  was  performed  to 
account  for  multiple  scattering  and  in- 
terference. In  this  analysis,  the  effects  of 
multiple  scattering  were  treated  as  those 
of  a  length-dependent  reflection  from  the 
bulk  and  combined  with  Fresnel  surface 
reflection  to  enable  the  prediction  of  ab- 
sorption and  emission  characteristics. 
Analysis  of  the  data  indicated  that  this  new 
technique  can  provide  rapid  characteriza- 
tion of  the  optical  properties  of  single- 
crystal  insulating  fibers. 

This  work  was  done  by  AM  Buonaistiani 
of  Christopher  Newport  College  and  Addison 
T.  Inge  and  C.E.  Byvik  of  Langley 
Research  Center.  LAR-13831/TN 
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Cellular  Mechanisms  of  Asbestos  Toxicity 


llie  chronic  lung  inllainniatt)ry 
disease  asbestosis,  which  is 
caused  by  inhalation  of  asbestos 
fibers,  is  probably  associated 
with  toxic  oxygen  compounds 
called  radicals,  according  to 
investigators  at  the  University 
of  Texas  Health  Center  at  Tyler. 
An  elucidation  of  the  mecha- 
nism of  cell  injury  in  asbestosis 
may  help  in  devising  ways  to 
prevent  or  treat  asbestos- 
mediated  lung  injurv',  the  re- 
searchers sav. 

'Tf  vou  know  how  asbestos 
produces  its  harmful  effects, 
\ou  might  be  able  to  develop 
strategies  for  improving  the 
patient's  ciefenses  against  in- 
haled asbestos  fibers,"  says 
Dr.  joe  G.  N.  C.rcia,  formerly 
assistant  profet  or  of  medicine 
at  the  University  of  Texas  and 
now  associate  professor  of 
medicine,  physiology  and  bio- 
physics at  Indiana  University 
School  of  Medicine  in  Indi- 
anapolis and  direttor  ol  the 
Occupational  l.ung  Center  at 
that  institution. 


"There  are  mechanisms  tor 
dealing  with  oxidant  injury," 
agrees  Dr.  Karleen  S.  C!allahan, 
assistant  professor  of  bio- 
chemistry. "  Ihere  are  chelators 
(metal-binding  compounds]  and 
oxygen  ratfical  sca\engers  that 
can  be  used  and  different  kinds 
of  therapies  that  are  being  tried 
tor  other  kinds  of  acute  lung 
conditions  such  as  adult  respira- 
tory distress  syndrome,  where 
there's  an  oxidant  component  to 
the  injury." 

Dr.  Garcia  and  his  colleagues 
showed  that  interaction  of 
asbestos  fibers  with  cultured 
human  endothelial  cells  re- 
sulted in  tiber  ingestion  by  the 
cells  as  well  as  stimulation  ot 
the  cellular  metabttlism  of 
arachidonu  acid  and  subse- 
quent cell  ui|urv.  Arachidonic 
acid-derived  compounds  are 
often  produced  when  certain 
types  of  ceils  are  stimulated; 
they  are  in\'ol\  ed  in  man\'  cellu- 
lar processes  in  the  binfy.  The 
investigators  used  stimulation 
of  arachidonic  acid  metabolism 


Dr.  Joe  G.  N.  Garcia  is  studying 
cultured  endothelial  cells 
exposed  to  asbestos.  The  cells 
grow  in  clear  plastic  bottles  that 
are  placed  directly  under  the 
microscope. 
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Dr.  Ronald  F.  Dodson  (standing) 
and  Dr.  Karleen  S.  Callahan 
examine  asbestos  fibers  using 
an  electron  microscope. 


[o  indicate  when  the  cultured 
cells  were  being  activated. 

Dr.  Garcia  and  his  colleagues 
investigated  the  mechanisms  of 
fiber  accumulation  within 
human  endothelial  cells  and 
evaluated  the  effects  of  the 
fiber-cell  interaction  on  various 
endothelial  cell  functions.  The 
cells  used  in  the  study  were  iso- 
lated from  umbilical  veins  and 
were  grown  either  on  culture 
dishes  or  gelatinized  polycarbo- 
nate filters.  Thev  were  incu- 
bated for  1  hour  with  amosite 
asbestos,  one  of  six  distinct 
types  of  asbestos.  For  com- 
parison, endothelial  cells  were 
also  incubated  with  fiberglass 
fibers  or  latex  beads. 

The  investigators  demon- 
strated that  asbestos  not  onlv 
activated  the  endotlielial  cells 
but  also  injured  them.  They 
loaded  the  cells  with  a  radioac- 
tively  labeled  substance  and 
then  measured  how  much  of  it 
was  released  when  the  cells 
were  incubated  with  asbestos, 
fiberglass,  or  latex  beads. 

The  investigators  plan  to  use 
the  model  developed  for  this 
studv  to  assess  the  lung  toxicity 
of  other  particulates. 

Additional  reading; 
1.  Garcia,  ].  G.  N.,  Dodson,  R. 
F.,  and  Callahan,  K.  S.,  Effect  of 
environmental  particulates  on 
cultured  human  and  bovine 
endothelium:  Cellular  injury  via 
an  oxidant-dependent  pathway. 


Laboratory  Investigations  61:53-61, 
1989. 

2.  Mossman,  B.  T.  and  Gee,  J. 
B.  L,  Asbestos-related  diseases. 
Nezv  En'^land  journal  of  Medicine 
320:1721-1730,  1989. 

3.  Garcia,  ].  G.  N.,  Gray,  L.  D., 
Dodson,  R.  F.,  and  Callahan,  K. 
S.,  Asbestos-induced  endo- 
thelial cell  activation  and  injury. 
American  Review  of  Respiratory 
Diseases  138:958-964,  1988. 

4.  Shatos,  M.  A.,  Doherty,  J. 
M.,  Marsh,  J.  P.,  and  Mossman, 
B.  T.,  Prevention  of  asbestos- 
induced  cell  death  in  rat  lung 
fibroblasts  and  alveolar  mac- 
rophages by  scavengers  of  ac- 
tive oxygen  species.  Environ- 
mental Research  44:103-116,  1987. 

5.  Mossman,  B.  T.,  Marsh,  J. 
P.,  and  Shatos,  M.  A.,  Altera- 
tion of  superoxide  dismutase 
activity  in  tracheal  epithelial 
cells  by  asbestos  and  inhibition 
of  cytotoxicity  by  antioxidants. 
Laboratory  Investigations  54:204- 
212,  1986. 


For  Additional  Information: 

To  locate  information  or  professional  contacts 
on  this  effort,  contact: 

Research  Resources  Information  Center 
1601  Research  Boulevard 
Rockville,  MD  20850 
(301)  984-2870 

Refer  to  Volume  XIV,  No.  7/TN 
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Implanted  Programmable  Insulin  Pump 


An  implanlcd  programmable  insulin  pump  may  help  people  with  insulin-dependent  diabetes  mclliius  (IDDM) 
control  their  diabetes  belter  and  more  conveniently.  The  pump,  which  was  developed  at  the  Johns  Hopkins 
University  in  Baltimore,  Miiryland,  is  nicknamed  PIMS  -  programmable  implantable  medication  system  -  and 
works  by  delivering  insulin  automatically  from  an  internal  reservoir  according  to  programming  stored  in  iLs 
microprocessor. 

About  the  size  and  shape  of  a  hockey  puck,  PIMS  is  implanted  in  the  left  side  of  the  abdomen.  A  catheter  runs 
from  the  pump  to  the  peritoneal  space,  where  the  insulin  is  actually  released.  "There  is  evidence  that 
iniraperitoneally  released  insulin  is  preferentially  absorbed  into  the  portal  blood  circulation  system,  which  is 
similar  to  insulin  delivery  in  a  nondiabetic  person,"  says  principal  investigator  Dr.  Christopher  Saudek,  director  of 
the  Johns  Hopkins  General  Clinical  Research  Center.  "This  delivery  site  may  simulate  natural  insulin  delivery  via 
veins." 

So  far.  Dr.  Saudek  and  his  colleagues  have  implanted  PIMS  in  18  patients;  10  at  Johns  Hopkins  and  8  at  the 
University  of  California  at  Irvine.  The  first  pump  was  implanted  in  1986.  The  operation  is  performed  under 
general  anesthesia,  although  Dr.  Saudek  believes  it  might  one  day  be  done  under  local  anesthesia.  No  surgical  or 
skin  complications  have  been  seen. 


Refilling  the  implanted  insulin 
pump  requires  an  infection 
through  the  skin  to  reach  the 
reservoir.  The  pump  is  refilled 
every  2  months. 
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Patients  enrolled  in  this  initial  study  of  PIMS  had  to  have  insulin-dependent  diabetes  that  was  controlled 
successfully  by  insulin  for  at  least  1  year,  according  to  registered  nurse  Michelle  Rubio,  who  worked  on  the  project 
at  Hopkins  as  a  research  nurse  before  taking  her  current  position  as  a  diabetes  educator  at  the  Good  Samaritan 
Hospital  in  Baltimore.  "The  patient  had  to  have  IDDM  because  we  didn't  want  competitiveness  between  insulin 
made  by  the  patient  and  that  released  by  the  pump,"  she  says.  "But  sometime  in  the  future  we  might  also  be  able  to 
use  an  implantable  pump  for  patients  with  type  II  [non-insulin-dependent]  diabetes." 

Once  in  place,  the  pump  was  programmed  to  deliver  insulin  at  the  level  the  patient  required  before  surgery. 

Dr.  Saudek  attributes  much  of  the  success  of  PIMS  to  the  special  type  of  insulin  used  in  its  reservoir.  "Ever  since 
pumps  were  developed,  the  insulin  has  aggregated  in  the  lines,"  he  says.  "With  an  external  pump  that  just  means 
you  have  to  change  the  catheter,  but  with  this  pump  it  means  surgery.  Our  insulin  contains  a  special  surfactant  [a 
compound  that  reduces  surface  tension]  to  keep  it  from  aggregating."  In  addition,  this  is  a  much  more  concentrated 
insulin  preparation,  which  allows  the  pump  reservoir  to  be  smaller  and  refills  to  be  less  frequent. 

Another  feature  of  the  pump  is  its  ability  to  store  information.  The  device  contains  eight  integrated  circuit  chips, 
including  a  microprocessor,  and  a  total  of  3,000  bytes  of  memory.  "You  can  retrieve  information  from  the  pump 
that  indicates  how  much  insulin  has  been  delivered  daily  for  the  last  60  days  or  an  hourly  delivery  record  for  the 
last  21  days  by  placing  a  communications  head  attached  to  a  computer  over  the  pump,"  says  Ms.  Rubio. 

So  far,  the  major  problem  with  the  pump  has  been  blockage  of  the  insulin  delivery  catheter  by  fatty  tissue,  called 
omental  tissue,  normally  found  in  the  peritoneum. 

Additional  reading:  I.  Saudek,  C.  D.,  Selam,  J.  L.,  Pitt,  H.  A.,  Waxman,  K.  Rubio,  M.,  Jeandidier,  N.,  Turner,  D., 
Fischell,  R.  E.,  and  Charles  M.  A.,  A  preliminary  trial  of  the  programmable  implantable  medication  system  for 
insulin  delivery.  New  England  Journal  of  Medicine  321:574-579,  1989. 

2.  Point  Study  Group,  One-year  trial  of  a  remote-controlled  implantable  insulin  infusion  system  in  type  I  diabetic 
patients.  Lancet  2:866-869,  1988. 

3.  Grau,  U.  and  Saudek,  C.  D.,  Stable  insulin  preparation  for  implanted  insulin  pumps:  Laboratory  and  animal 
trials.  Diabetes  36-M5?,-\A59, 1987. 

4.  Saudek,  C.  D.,  Developing  and  assessing  an  implantable  insulin  infusion  pump.  Inter  national]  ournal  of 
Technology  Assessment  in  Health  Care  2:471-482,  1982. 

The  studies  described  in  this  report  were  supported  by  the  National  Institute  of  Diabetes  and  Digestive  and  Kidney 
Diseases,  the  General  Clinical  Research  Centers  Program  of  the  National  Center  for  Research  Resources,  the 
Orphan  Products  Program  of  the  Food  and  Drug  Administration,  and  the  Juvenile  Diabetes  Foundation. 

FOR  ADDITIONAL  INFORMATION:  To  locate  information  or  professional  contacts  on  this  effort,  contact: 
Research  Resources  Information  Center,  1601  Research  Boulevard,  Rockville,  MD  20850;  (301)984-2870.  Refer 
to  Volume  XIV,  No,  IfYN. 
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Monkey  Model  Offers  Therapeutic  Promise  in 
Parkinson's  Disease 

For  some  Americans,  no  golden  retirement  years  await.  Instead,  they  face  the  shrinking  horizons  and  greater  hardship  of 
Parkinson's  disease,  a  neurological  disorder  that  cuts  the  lie  between  thought  and  movement,  leaving  its  sufferers  without 
mu.scular  control. 

Until  recently,  Parkinson's  was  difficult  to  study  because  it  apparently  affects  only  humans.  However,  a  rash  of  accidental 
self-inflicted  poisonings  by  drug  addicts  in  the  late  1970s  and  early  1980s  gave  scientists  a  clue  for  duplicating 
Parkinson's  symptoms  in  an  animal  model. 

The  National  Institute  of  Neurological  Disorders  and  Stroke  (NINDS)  is  a  world  leader  in  research  on  Parkinson's  as  well 
as  on  other  brain  and  central  nervous  system  disorders.  The  NINDS  coordinates  the  Federal  Government's  research  on 
Parkinson's,  a  multimillion-dollar  effort  conducted  at  the  Institute's  own  facilities  in  Bethesda,  MD,  and  at  universities 
and  medical  institutions  worldwide. 

Approximately  500,000  Americans  suffer  from  Parkinson's  which  usually  strikes  persons  in  their  late  fifties.  Hence,  its 
early  symptoms  of  shakiness  and  decreased  agility  often  are  mistaken  for  commonplace  signs  of  aging. 

Eventually,  however,  loss  of  motor  control  causes  tremors,  an  expressionless  face,  and  difficulty  walking.  In  unie,  ihc 
inability  to  initiate  movement  produces  frozen  states  of  akinesia.  Swallowing  becomes  hiirdcr  and,  finally,  bed  rest  is 
ncccssiiry.  The  decline  may  last  for  20  years,  with  death  resulting  from  a  secondary  complication,  such  as  pneumonia. 

While  advances  have  been  made  in  treating  Parkinson's,  the  results  have  been  mixed.  For  instance,  Parkinson's  major 
treatment  grew  out  of  a  discovery  30  years  ago  that  the  disease  results  from  the  death  of  specific  brain  cells  -  those 
producing  the  neurotransmitting  chemical  dopamine,  which  relays  impulses  between  nerves. 

Unfortunately,  dopamine  cannot  be  infused  directly  into  the  brain  to  compensate  for  lost  neurons.  The  brain  sits  \\  iihin 
an  insulating  barrier,  which  restricts  the  bloodstream  circulation  of  chemicals  that  might  upset  its  delicate  functioning. 
Dopamine  is  one  such  compound;  it  cannot  cross  the  blood/brain  barrier. 

In  the  1960s,  scientists  found  a  drug,  levodopa,  which  can  be  transported  across  the  barrier  and  into  the  brain.  \\  here  it 
undergoes  a  chemical  transformation  into  dopiunine.  But  levodopa  docs  not  always  work  and  can  lose  effectiveness  after 
several  years.  It  also  does  not  halt  the  progressive  nerve  cell  death  characteristic  of  Parkinson's  disease. 

Because  of  these  problems,  scientists  began  seeking  ways  to  spur  the  brain's  own  production  of  dopamine.  .And  hero, 
accident  and  misfortune  turned  to  promise. 

It  was  known  that  Parkinson's  neither  afflicted  animals  naturally  nor  could  be  mimicked  iirtincially.  thus  thwarting 
attempts  to  trace  its  etiology.  Its  exclusiveness  seemed  to  lie  in  the  particuUir  pciriion  oi  ilie  brain  dovasiatod. 

The  region  includes  the  substiinlia  nigra,  believed  responsible  for  adjusting  ner\'e  signals  passed  outward  to  muscles  from 
the  brain's  command  centers.  The  term  substiintia  nigra  means  black  substance,  referring  to  the  dark  pigmeni:uion  of  the 
area's  cells.  These  pigmented  cells  generate  dopamine  for  nerves  throughout  the  brain.  No  otlicr  species  has  as  much 
black  pigment  as  humans. 

Then  a  decade  ago,  accidental  self-inflicted  poisonings  of  drug  addicts  gave  investigators  a  possible  lead.  The  addicts  had 
made  synthetic  drugs,  contaminated  by  a  compound  called  MPTP  (l-mctiiyI-4-phonyl- 1 .2.3,6-tctrahydropyridine).  a 
narcotic  belonging  to  Uie  demerol  family. 

The  poisonings  severely  damaged  the  users'  brains,  bringing  on  severe  motor  disability  and  c\  on  total  immobility.  While 
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users  displayed  classic  symptoms  of  advanced  Parkinson's,  most  were  too  young,  some  in  their  twenties,  to  have  acquired 
the  disease  naturally  and  so  suddenly. 

Scientists  soon  traced  the  damage  to  MPTP.  Analysis  revealed  that  MPT?  itself  is  not  toxic.  However,  in  the  brain,  it 
converts  to  another  compound,  known  as  MPP-plus  (l-methyl-4-phenyl-pyridinium).  Apparently,  this  compound 
accumulates  until  it  interferes  with  the  function  of  cell  mitochondria,  miniature  power  plants  that  convert  energy  into  a 
usable  fonn.  Without  life-sustaining  energy,  cells  die. 

Initially,  scientists  injected  MPTP  into  rats,  trying  to  induce  parkinsonism.  Their  attempt  failed,  probably  because  the 
rat's  brain  lacks  enough  black  pigmented  cells  to  produce  an  MPTP  effect. 

The  investigators  succeeded  with  primates,  particularly  monkeys,  whose  brains  are  second  only  to  humans'  in  the  amount 
of  black  pigmentation  contained  in  the  substantia  nigra.  Given  MPTP,  the  monkeys  display  human-like  pathological 
degeneration  of  dopamine-containing  neurons. 

The  MPTP  model  has  put  scientists  at  a  new  threshold  of  research.  The  reasons  are  many:  MPTP's  effects  appear 
quickly;  the  chemical  can  target  one  side  of  the  animal's  brain,  leaving  the  other  normal  for  comparison;  and  symptoms 
reverse  rapidly  with  levodopa  treatment.  Also,  MPTP  causes  clearly  identifiable  changes  in  activity,  including  circling 
toward  the  immobilized  side  and  losing  use  of  an  affected  arm. 

The  monkey  model  already  has  boosted  the  hunt  for  new  therapies.  In  particular,  it  shows  that  the  brain  may  be  induced  to 
make  added  dopamine,  rather  than  relying  on  such  drugs  as  levodopa.  One  way  is  via  tissue  implantation. 

Several  forms  of  implantation  are  under  investigation.  For  example,  NINDS  intramural  scientists,  grantees  at  the  Yale 
University  School  of  Medicine  in  New  Haven,  Connecticut,  and  grantees  at  the  University  of  Rochester  School  of 
Medicine  in  New  York,  produced  dramatic  recoveries  in  MPTP  monkeys  implanted  with  monkey  fetal  tissue.  The 
implanted  fetal  tissue  survived,  grew,  and  apparently  produced  dopamine  in  the  monkeys'  brains. 

Drs.  Kr/.ysztof  Bankiewicz  and  Robert  Plunkett  of  the  NINDS 's  Surgical  Neurology  Branch  found  MPTP  monkeys 
improved  more  from  fetal  implants  than  grafts  of  their  own  adrenal  tissue,  which  gradually  dies  after  implantation.  In  one 
study,  animals  with  fetal  implants  showed  stable  improvement  over  7  months,  while  those  with  adrenal  grafts  recovered 
less. 

Inyiguingly,  the  team  also  discovered  that  preparing  a  cavity  site  stimulates  dopamine  production.  Surviving  host  neurons 
near  such  sites  grew  new  fibers  toward  the  cavity  and  may  supply  dopamine. 

Implants  of  tissue  from  the  amnion,  the  sac  surrounding  the  fetus,  produced  recoveries  similar  to  those  from  the  fetal 
implants  -  yet  amnion  grafts  contain  no  dopamine-producing  tissue. 

Such  results  indicate  that  the  act  of  implanting  may  stimulate  residual  cells  to  sprout  and  produce  dopamine.  Possibly,  the 
whole  brain  is  repairing  itself,  with  surviving  cells  trying  to  take  over  the  functions  of  those  killed  by  the  neurotoxin. 

As  America's  population  ages,  ever  more  cases  of  Parkinson's  will  occur.  Only  by  finding  out  why  Parkinson's  develops 
can  it  be  vanquished.  Here  too,  the  MPTP  monkey  may  hand  us  the  answer.  This  list  of  Parkinson's  possible  causes 
includes  environmental  poisons  and  dietary  toxins.  For  instance,  MPP-plus  resembles  paraquat,  an  antifoliant,  which  also 
may  produce  free  radicals. 

Yet,  such  poisons  seem  unlikely  candidates,  partly  because  Parkinson's  apparently  predates  the  industrial  revolution  and 
thus  most  pollutants  in  air  or  food.  In  fact,  the  disease  bears  the  name  of  Dr.  James  Parkinson,  who  first  detailed  its 
features  in  an  1817  publication. 

As  more  work  evolves  with  the  MPTP  model,  other  leads  will  be  found.  The  MPTP  model  is  supplying  extraordinary 
clues  to  Parkinson's  etiology,  especially  its  destruction  of  certain  neurons.  Before  the  model's  discovery,  research  inched 
stifHy  forward;  now,  it  moves  steadily  ahead. 

FOR  ADDITIONAL  INFORMATION:  To  locate  information  or  professional  contacts  on  this  effort,  contact:  NIH  News 
Branch;  Bldg.  31,  Room  2B-10;  9000  Rockville  Pike;  Rockville,  MD  20892;  (301)496-2535.  Refer  to  News  & 
Features/June  1990. 
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Stable  Isotopes  for  Biomedical  Research 


Tlie  National  Stable  Isotope 
Resource  (NSIR)  at  Los  Alamos 
National  Laboratory  in  New 
Mexico  synthesizes  biochemical 
compounds  containing  stable 
ist)tt)pes  of  carbon,  nitrogen  and 
oxygen  for  use  in  in  vivo  and  in 
vitro  biomedical  studies. 

The  term  "isotope"  refers  to 
any  of  two  or  more  species  of 
atoms  of  a  chemical  element 
with  the  same  atomic  number 
and  position  in  the  periodic 
table  and  nearly  identical  chem- 
ical behavior  but  with  differing 
atomic  mass  or  mass  number 
and  different  physical  proper- 
ties, explains  L)r.  James  A.  Fee, 
the  Resource's  principal  inves- 
tigatt)r.  A  stable  isotope,  in  con- 
trast to  a  radioactive  isotope, 
does  not  release  radioactivity 
but  can  nevertheless  perform 
many  of  the  laboratory  and 
clinical  functions  of  the  latter. 

The  National  Stable  Isotope 
Resource  has  been  fimded  since 
1974  by  the  Biomedical  Research 
Technology  Program  of  the 
National  Center  for  Research 
Resources  (formerly  called  the 
NIH  Division  of  Research 
Resources).  Scientists  at  the 
NSIR  develop  biomolecular 
compounds  labeled  with  the 
rare  stable  isotopes  carbon-13, 
nitrogen-15,  oxygen-17,  and 
oxygen- 18. 

in  a  stable-isotope-labeled 
compt)und  one  or  nuire  ot  the 
normallv  occurring  isotopes  of 
the  elements  in  the  molecule 
have  been  replaced  with  one  of 
the  rare  forms.  For  example, 
carlion-l3  can  be  used  to  replace 
carbon- 12  at  one  or  more  posi- 
tions in  the  molecule.  Ihe 
newly  incorporated  stable  iso- 
topes then  can  be  used  as  l->io- 
molecular  tracers. 

"Incorporated  into  molecules 
of  interest  in  place  of  the  more 
abundant  elements,  these  iso- 
topes become  verv  powerful 
research  tools,"  savs  Dr.  Fee, 
who  is  the  biochemistry  section 
leader  i>f  the  Isotope  and  Struc- 
tural Chemistry  Croup  at  Los 


Alamos  National  Laboratory. 

Carbon-13,  for  example, 
serves  as  a  "reporter"  for  the 
position  of  that  atom  in  the 
molecule. 

Using  nuclear  magnetic  reso- 
nance techniques,  stable  iso- 
topes can  be  used  to  study  the 
structure  of  proteins  and  D\A 
and  RNA. 

"By  selectively  placing  car- 
bon-13, nitrogen-15,  and  oxy- 
gen-17 in  amino  acids  and 
nucleic  acids,  one  can  gain 
information  about  the  structures 
of  these  large  mcilecules  that 
would  be  otherwise  una\ail- 
able,"  Dr.  Fee  says. 

A  singular  advantage  of  using 
stable  isotopes  as  tracers  in  bio- 
medical and  clinical  studies  is 
that  thev  can  be  given  to  human 
subjects  with  no  concern  for 
radiation  or  toxic  side  effects. 

For  example,  using  nuclear 
magnetic  resonance,  the  me- 
tabolism of  glucose  labeled 
with  carbon-13  can  be  studied 
directh  and  painlessh'  in 
himians. 

"B\'  this  method  it  is  possible 
to  obser\e  the  metabolism  o\ 
glucose  as  it  is  happening, 
which  nia\'  offer  a  po\serful 
new  tool  in  diagnosing  human 
disease,"  Dr.  Fee  savs. 

The  major  limitation  in  using 
isotope-labeled  compounds  lies 
in  the  abilitv  to  svnthesii?e  the 
necessar\'  compoiuids  with  the 
rare  stable  isotopes  in  place  at 
precisely  the  desired  molecular 
position,  Dr.  I  ee  savs. 

1  hat  s  where  the  expertise  of 
the  Stable  Isoli^pe  Resource  is 
applied. 

'We  are  currently  locusing  on 
synthesizing  labeled  amino 
acids  and  nucleic  acids.  "  Dr. 
Fee  sa\s. 

The  Stable  Isotope  Resource 
svnlhesi/es  isotope -labeled 
compounds  lor  accredited  in- 
\estigators  when  those  com- 
pounds are  not  readily  ayailablo 
from  a  commercial  source. 

In  addition  the  scientific  staff 
at  the  NSIR  collaborates  with 
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other  investigators  in  the  bio- 
science  community  and  advises 
and  assists  investigators  using 
isotopes  of  carbon,  nitrogen, 
and  oxygen. 

The  NSIR  also  hosts  visiting 
scientists  and  postdoctoral  fel- 
lows for  training  in  the  use  of 
stable  isotopes. 

The  Stable  Isotope  Resource 
is  currently  involved  in  more 
than  60  research  projects.  These 
include  studies  ranging  from 
insect  cuticle  biosynthesis  to  the 
metabolism  of  carbohydrates  in 
diabetic  patients.  In  addition, 
work  by  scientists  at  the  NSIR 
paved  the  way  for  the  devek^p- 
ment  of  commercially  available 
isotope-labeled  glucose,  which 
is  being  used  by  investigators  at 
Yale  University  to  study  glucose 
metabolism  in  human  subjects. 

There  is  no  charge  for  serv- 
ices provided  to  accredited 
investigators. 


For  more  information  about  the 
National    Stable    Isotope    Re- 
source contact: 
Dr.  James  A.  Fee 
Principal  Investigator 
National  Stable  Isotope 
Resource  at  Los  Alamos 
P.O.  Box  1663,  MS-C345 
Los  Alamos  National 
Laboratory 

Los  Alamos,  New  Mexico  87545 
Telephone:  (505)  667-0774 


For  Additional  Information: 

To  locate  information  or  professional  contacts 
on  this  effort,  contact: 

Research  Resources  Information  Center 
l601  Research  Boulevard 
Rockville,  MD  20850 
(301)  984-2870 
Refer  to  Volume  XIV,  No.  7/TN 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Study  to  Help  Understand  Bone  Demineralization 


One  oi"  ific  major  problems  potcniially  limiting  the  long-term  habitability  of  outer  .space  is  the  "demineralization"  of 
human  bone  that  occurs  in  a  micrograviiy  environment.  To  help  understand  this  loss  of  calcium  and  breakdown  of 
bone  tissue,  scientists  need  enriched  calcium  isotopes  that  can  act  as  "markers"  to  study  the  calcium  metabolism 
process  in  the  body.  Three  researchers  from  Eastern  Analytical  Inc.  are  teaming  with  NIST  scientists  to  develop 
and  evaluate  processes  aimed  at  producing  large  quantities  of  a  marker  isotope  -  caIcium-48  -  inexpensively. 
Because  calcium-48  is  not  abundant  in  nature,  the  i.sotope  must  be  produced  in  the  laboratory  to  acquire  the  needed 
amounts.  Researchers  hope  that  by  using  laser  light  to  excite  calcium-48  at  its  "resonance  frequency,"  they  will  be 
able  to  extract  the  isotope  from  samples.  The  research  will  be  used  by  the  National  Aeronautics  and  Space 
Administration  in  its  ongoing  investigation  of  space  effects  on  bone  tissue.  Eastern  Analytical  also  plans  to  use 
NIST  facilities  to  study  specific  applications  of  analytical  techniques  such  as  resonance  ionization  mass  spectrome- 
try, a  method  NIST  used  recently  to  trace  the  origin  of  ancient  rocks. 

FOR  ADDITIONAL  INFORMATION:  Dr.  Thomas  Lucatorto,  Physics  Bldg.,  Room  A251,  National  Institute  of 
Standards  and  Technology,  Gaithersburg,  MD  20899;  (301)975-3734. 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Human  Factors  in  the 
Design  of  Video  Displays 

Good  designs  will  take 
account  of  perceptual 
tendencies  and  conceptual 
biases  in  observers. 

A  report  presents  an  overview  of  the 
evolving  knowledge  of  the  interactions  be- 
tween video  displays  and  human  observ- 
ers. It  discusses  the  relative  advantages 
and  disadvantages  of  static  and  dynamic 
displays,  with  attention  to  the  human  fac- 
tors that  combine  with  the  characteristics 
of  the  video-display  medium  to  affect  the 
observer's  percepts. 

No  longer  limited  to  static  alphanumeri- 
cal  presentations,  video  displays  can  now 
also  present  a  wide  variety  of  graphical  in- 
formation in  static  or  dynamic  modes. 
While  designers  exploit  the  increased  cap- 
abilities of  such  displays,  they  must  also 
take  account  of  the  limitations  of  video  dis- 
plays (e.g.,  the  reduction  of  three-dimen- 
sional representations  to  two-dimensional 
projections)  and  the  perceptual  and  con- 
ceptual biases  of  the  observer. 

The  static  video  image  of  a  trapezoid 
provides  a  simple  example  of  the  problems 
that  arise  in  interpreting  static  displays. 
Should  the  observer  regard  the  image  as 
representative  of  a  trapezoid  or  of  a  rec- 
tangle tilted  out  of  the  plane  of  the  display? 
Unless  the  observer  is  given  additional  in- 
formation — for  example,  a  rule  or  conven- 


tion for  the  projection  of  geometric  shapes, 
there  is  no  way  to  resolve  the  ambiguity. 

In  general,  static  displays  can  be  un- 
derstood only  through  the  implementation 
of  conventions.  Few  of  these  conventions 
are  explicitly  known  or  understood.  Fur- 
ther, some  draw  on  operators'  intuitive 
mental  models,  which  are  known  to  mani- 
fest conceptual  errors.  Even  trained  opera- 
tors resort  to  less  formal  modes  of  reason- 
ing in  problem-solving  situations.  This  leads 
to  the  introduction  of  erroneous  models 
and  logic. 

The  introduction  of  motion  into  displays 
can  eliminate  some  of  the  operator's  con- 
ceptual biases  by  directly  providing  dy- 
namic information.  In  the  case  of  the  trape- 
zoidal image,  for  example,  the  ambiguity 
as  to  shape  can  be  resolved  by  projecting 
the  gradually  changing  image  as  the  shape 
is  rotated  about  some  axis.  However,  in 
general,  such  reduced  dynamic  displays 
still  lack  much  of  the  spatial  and  other  infor- 
mation available  in  actual  events.  Thus,  the 
operator  is  still  forced  to  make  assump- 
tions to  resolve  ambiguities.  Caution  must 
be  taken  to  ensure  that  the  operator's  per- 
ception matches  the  information  the  de- 


signer intends  to  convey.  Further,  the 
designer  must  appreciate  the  inherent  ten- 
dencies of  perceptual  organization  for  the 
perception  of  motion  and  the  particular  or- 
ganizational issues  associated  with  period- 
ically updated  displays. 

The  display  technologies  currently 
available  and  undergoing  development 
vastly  improve  the  capability  to  transfer  in- 
formation between  operator  and  machine. 
The  challenge  now  is  to  appreciate  opera- 
tors' context-specific  biases  to  enhance 
the  likelihood  that  what  is  transferred  is  in- 
formation, not  misinformation. 

This  work  was  done  by  Mary  K.  Kaiser 
of  Ames  Research  Center  and  Dennis  R. 
Proffitt  of  tlie  University  of  Virginia.  Furtlier 
information  may  be  found  in  NASA  TM- 
89430  [N87-20747],  Price  Code:  A02 
"l-iuman-Display  Interactions:  Context- 
Specific  Biases." 

Copies  may  be  purcliased  from  tfie 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  at  an  extra  fee  by  calling  (800) 
336-4700.  ARC-11847/rN 


FOR  ADDITIONAL  INFORMATION:  Contact  Director.  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240,  (301)  621  0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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National  Aeronaulics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Mathematical  Model  of  Nerve/Muscle  Interaction 

The  model  is  coarsely  homeomorphic  to  a  biological  system. 


TTie  Phasic  Excitation/Activation  (PEA) 
mathematical  model  simulates  the  short- 
term  nonlinear  dynamics  of  the  activation 
and  control  of  a  muscle  by  a  nerve.  The 
model,  w/hich  includes  electronic  and  me- 
chanical elements,  is  based  on  published 
experimental  studies  of  nerve/muscle  in- 
teractions. It  is  homeomorphic  at  the  level 
of  its  three  major  building  blocks,  which 
represent  the  motoneuron,  the  dynamics 
of  activation  of  muscle,  and  the  mechanics 
of  the  muscle,  respectively 

The  motoneuron  block  is  a  highly  sim- 
plified submodel  that  reproduces  the  im- 
portant short-term  dynamical  phenomena. 
This  block  consists  of  a  transresistance 
amplifier,  high-pass  filter,  and  voltage-to- 
frequency  converter  (see  figure).  Its  output 
is  a  series  of  unit-value  action-potential  im- 
pulses that  exhibit  a  decline  in  firing  rate 
(adaptation)  with  constant-current  input. 

The  activation-dynamics  block,  which  is 
not  homeomorphic  in  its  details,  includes  a 
pulse-frequency-to-voltage  converter,  a 
unit  that  implements  a  piecewise-linear 
gain-versus-voltage  function,  a  nonlinear 
resistor-and-capacitor  low-pass  filter,  and  a 
multiplier.  This  block  multiplies  the  effects 
of  the  action-potential  impulses  to  produce 
an  increase,  dependent  upon  the  intervals 
between  the  impulses,  in  the  force  pro- 
duced by  the  muscle  in  response  to  each 
impulse  in  the  sequence.  This  interval-de- 
pendent enhancement  of  force  is  known  to 
workers  in  the  field  as  the  "catch-like  ef- 
fect." 

The  muscle-mechanics  block  repre- 
sents a  second-order  nonlinear  model  of  a 
single  muscle  removed  from  a  sixth-order 
nonlinear  model  of  a  joint  movement.  This 
block  contains  a  subblock  that  represents 
a  first-order  model  of  activation  and  deac- 
tivation. The  output  of  the  subblock  repre- 
sents a  tension  proportional  to  a  low-pass- 
filtered  version  of  the  input.  The  muscle 
force  is  coupled  to  the  load  through  a 
series  elastic  element,  represented  by  a 
spring,  which  may  be  nonlinear.  The  inter- 
nal viscosity  of  the  muscle,  which  diminish- 
es the  force  it  can  apply  is  represented  by 


a  nonlinear  dashpot. 

The  PEA  model  was  developed  to  ex- 
tend a  previously  successful  modeling 
strategy  to  "early"  dynamics;  that  is,  those 
involving  times  less  than  one-hundred  milli- 
seconds. The  addition  of  the  motoneuron 
and  "catch-effect"  blocks  is  intended  to 


help  develop  an  understanding  of  the  con- 
trol of  the  fastest  voluntary  movements. 

This  work  was  done  by  Blake  Hanna- 
ford  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory 
NP0-17816/TN 
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The  Phasic  Excitation/Activation  model  consists  of  three  blocks,  the  outputs  of  which  ap- 
proximate aspects  of  the  control  of  a  muscle  by  a  motoneuron. 
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Testing  &  Instrumentation 

1012  Atmospheric  Attenuation  Measurements  Studied 

1013  Processing  of  Muitispectrai  Data  for  Identification  of  Rocks— Linear 
discriminant  analysis  and  supervised  classification  are  evaluated. 

1014  Method  Measures  Energy  of  Traumatic  Earth  Impact  Events 


f 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Atmospheric  Attenuation  IVIeasurements  Studied 


While  developing  measurcmcnl  methods  to  determine  the  performance  of  7-  lo  10-GH/,  saielliic  Earth  terminals, 
including  such  parameters  as  gain,  G/T,  and  satellite  effective  isotropic  radiated  power,  NIST  researchers  examined 
methods  to  correct  for  atmospheric  attenuation  effects.  At  7  to  10  GH/,,  the  principal  atmospheric  effects  on  a  radio 
signal  are  the  attenuations  due  lo  absorption  by  oxygen  and  water  vapor  molecules,  and  to  .scattering  by  particles  of 
water  (rain,  clouds,  and  fog).  X-Bank  Atmospheric  Anenualionfor  an  Earth  Terminal  Measurement  System 
(NISTIR  89-3918)  provides  an  overview  of  various  methods  to  determine  atmospheric  attenuation  (sky  brightness 
tipping-curve  method,  radio  source  extinction  curve  method,  and  dual  frequency  radiometer  technique)  and 
analyzes  the  errors  of  these  methods. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA  22161; 
(703)487-4600. 

NTIS  ordernumber:  PO90-100736NAN 

Price  code:  A03 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Processing  of  Multispectral 
Data  for  Identification  of 
Rocl(S 

Linear  discriminant  analysis 
and  supervised  classification 
are  evaluated. 

A  report  discusses  the  processing  of  rnul- 
tispectral  remote-sensing  innagery  to  iden- 
tify kinds  of  sedimentary  rocks  by  their 
spectral  signatures  in  geological  and  geo- 
graphical contexts.  The  raw  image  data 
are  the  spectra  of  picture  elements  in  im- 
ages of  seven  sedimentary  rock  units  ex- 
posed on  the  margin  of  the  Wind  River 
Basin  in  Wyoming.  The  data  were  acquired 
by  the  Landsat  Thematic  Mapper  (TM),  the 
Thermal  Infrared  Multispectral  Scanner 
(TIMS),  and  the  NASA/JPL  airborne  syn- 
thetic-aperture radar  (SAR). 

To  construct  and  analyze  the  extended 
spectral  signature  for  each  picture  ele- 
ment, it  was  first  necessary  to  register  the 
three  sets  of  data.  This  was  accomplished 
by  use  of  a  "rubber-sheet  stretch"  based 
on  tie  points  that  appeared  to  be  the  same 
in  all  images  and  that  were  selected  manu- 
ally All  data  were  then  resampled  with  pic- 
ture elements  of  the  same  size  as,  and  reg- 
istered with,  the  TM  picture  elements.  All 
images  were  normalized  by  use  of  a  Gaus- 
sian contrast  stretch  because  the  data  are 
not  calibrated,  and  it  was  thought  that  the 
differences  between  the  dynamic  ranges 
of  the  different  sensors  might  bias  the 
analysis.  In  addition,  a  5-by-5  median-value 
filter  was  applied  to  the  SAR  data  to  sup- 
press the  effects  of  speckle. 

The  resulting  extended  spectral  signa- 
tures were  analyzed  by  two  techniques: 
linear  discriminant  analysis  (LDA)  and 
supervised  classification.  In  LDA,  areas  of 
known  rock  types  are  selected  as  training 
areas,  and  means  and  standard  deviations 


for  each  training  area  in  each  image  are 
calculated.  The  LDA  computer  program 
then  determines  which  image  is  best  for 
discriminating  among  the  training  areas  by 
computing  the  discriminant  function  for 
each  area  and  attempting  to  separate 
training  areas  into  groups.  Remaining  im- 
ages are  then  checked  at  the  next  step  to 
find  the  next-most-useful  image  for  sep- 
arating the  training  areas  into  groups,  and 
so  on.  In  this  way  images  can  be  ranked  in 
order  of  their  utility  for  separating  the  train- 
ing areas,  and  it  is  possible  to  determine 
which  set  of  data  contributes  most  to  the 
discrimination  between  specific  rock  units. 

This  procedure  provides  only  classifica- 
tion accuracies  for  the  training  areas 
themselves  and  may  not  necessarily  rep- 
resent the  ability  to  classify  areas  outside 
the  training  areas.  The  results  of  LDA  show 
that  the  use  of  the  TM,  TIMS,  and  SAR  data 
(instead  of  one  of  these  sets  of  data  alone) 
increases  the  ability  to  differentiate  training 
areas.  However,  it  is  also  important  to  be 
able  to  map  the  extent  of  the  lithoiogic  units 
that  were  selected  in  the  analysis.  More- 
over, in  order  to  extend  lithological  informa- 
tion to  poorly  understood  areas  it  is  impor- 
tant to  be  able  to  use  training  areas  from 
well-characterized  test  sites  to  classify 
other  areas. 

A  supervised  classification  was  per- 
formed both  in  the  training  areas  of  the 
original  study  area  and  at  an  adjacent  site. 
A  parallelepiped  algorithm  was  used  to 
determine  a  decision  boundary  of  each 
spectral  band.  To  be  assigned  to  a  class,  a 


picture  element  had  to  fall  within  the 
N-dimensional  decision  boundary  for  that 
class.  If  the  spectral  signature  of  a  picture 
element  fell  outside  the  decision  boundary 
for  all  classes,  the  picture  element  was  as- 
signed to  the  unknown  class.  A  picture  ele- 
ment, the  spectral  signature  of  which  fell 
within  the  decision  boundary  for  more  than 
one  class,  was  considered  ambiguous. 
This  ambiguity  was  then  resolved  by  use  of 
the  Bayes  maximum-likelihood  algorithm. 
Classification  accuracies  were  deter- 
mined by  subtracting  the  supervised-class- 
ification  maps  from  a  digitized  version  of  a 
photogeologic  map  obtained  previously  to 
determine  errors  of  omission  and  commis-  g 
sion.  f 

The  results  of  supervised  classification 
show  that  while  multisensor  data  provide 
an  overall  improvement  in  the  accuracy  of 
classification,  some  units  may  be  better 
classified  by  use  of  data  from  an  individual 
sensor.  Thus,  if  an  investigator  is  interested 
only  in  a  particular  type  of  sedimentary 
rock,  a  sensor  can  be  optimized  to  search 
for  a  distinguishing  characteristic.  How- 
ever, the  classification  of  a  variety  of  types 
of  rock  is  more  accurate  when  use  is  made 
of  multisensor  data  that  are  sensitive  to 
such  different  characteristics  of  rocks  as 
mineralogy  and  surface  roughness. 

This  work  was  done  by  Diane  L  Evans 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Supervised  Classification 
of  Sedimentary  Rocks  Using  Extended 
Spectrai  Signatures. " 
NPO-17581/TN 
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Technology  Application 


Sandia  National  Laboratory 

Method  Measures  Energy  of  Traumatic  Earth  Impact 
Events 


Information  about,  the  titanic  energies  associated 
with  ancient  meteorite  impacts,  modern  nuclear  detona- 
tions, and  other  violent  seismic  events  is  stored  in  the 
structure  of  naturally  occurring  minerals,  according  to 
researchers  at  Sandia  National  Laboratories. 

Research  by  Mark  B.  Boslough  and  Randall  T. 
Cygan  indicates  that  the  energy  levels  of  these  events 
can  be  determined  accurately  by  analysis  of  quartz  and 
possibly  other  commonly  occurring  minerals.  The  two 
are  working  with  R.  James  Kirkpatrick,  University  of 
Illinois,  on  continuing  development  of  the  idea. 

The  technique  under  study  may  be  useful  in  assess- 
ing pressure  effects  in  samples  from  nuclear  explosions 
at  the  Nevada  Test  Site,  where  underground  U.S.  tests 
are  conducted.  It  also  may  be  helpful  in  examining  the 
asteroid  impact  theory  for  the  massive  Cretaceous- 
Tertiary  extinction.  This  explanation  suggests  that  an 
asteroid  collided  with  the  earth  about  65  million  years 
ago  resulting  in  the  extinction  of  many  living  species, 
including  the  dinosaurs. 

"The  information  is  stored  forever,"  explains 
Boslough  of  Sandia's  Structural  Physics  and  Shock 
Chemistry  Division.  "If  you  know  how  to  evaluate  it,  you 
can  read  it.  You  can  read  it  one  year  later,  in  the  case  of 
a  nuclear  detonation,  or  65  million  years  later  for  a 
geologic  impact." 

Controlled  shock  experiments 

In  a  series  of  experiments  at  Sandia,  quartz  samples 
were  exposed  to  carefully  controlled  pressure  levels 
using  high  explosives.  Shocked  samples  were  then  ana- 
lyzed by  Kirkpatrick  to  evaluate  the  resulting  changes. 

Minerals  exposed  to  shock  readily  show  it.  They 
deform,  fracture,  crush,  split  into  planes,  or  shift  to 
other  higher-pressure  phases  of  the  same  composition. 
Such  shock-caused  features  are  referred  to  as  shock 
metamorphic  effects. 

Shock  metamorphic  effects  have  been  used  in  the 
earth  sciences  to  identify  meteorite  impact  events.  For 
example,  the  discovery  of  two  high-pressure  quartz-like 
minerals — called  coesite  and  stishovite — at  Meteor  Cra- 
ter, Arizona,  resulted  in  the  use  of  this  information  to 
analyze  other  possible  crater  sites. 

The  next  step  was  to  link  these  high-pressure  min- 
eral forms  with  the  actual  pressures  and  temperatures  to 
which  the  minerals  were  subjected.  The  liigh  [irossuro 
forms  occur  when  the  atomic  bonds  between  elements 
are  altered  to  varying  degrees  by  shock  waves. 


Sandia  scientis-  i  ;,  ,  jan  (left)  ana  Mark  Boslough  pre- 
pare to  examine  under  an  optical  microscope  a  quartz  sample 
from  a  stiock  recovery  test 

The  Magic  Angle 

Past  attempts  to  correlate  pressures  and  mineral 
forms  have  used  optical  properties,  density,  and  x-ray 
diffraction  or  electron  microscope  examinaiion  of  the 
altered  minerals.  Some  of  these  methods  have  shown 
promise  for  extremely  high  pressures,  explains  Boslough. 
He  and  Cygan,  o(  Sandia's  Geochemistry  Division,  de- 
cided to  work  with  Kirkpatrick.  using  nuclear  magnetic 
resonance  (NMRl  to  study  minerals  subject  to  pressures 
in  a  lower  range. 

NMR  examines  the  properties  o{  a  specific  element, 
such  as  the  silicon  in  quartz,  using  powerful  magnets — 
20,000  times  the  strength  of  the  earth's  magnetic  field. 
This  has  been  a  standard  tool  for  determining  the 
chemical  structure  of  organic  molecules  in  solution  in 
recent    years.    NMR    applications    grew    explosively 


1014 


in  the  1980s,  when  a  way  was  developed — called  Magic- 
Angle  Spinning — to  apply  the  technique  to  solids. 

An  NMR  spectrometer  is  a  computer-operated  radio 
transmitting  and  receiving  system.  The  spinning  sample 
is  placed  between  the  poles  of  a  magnet.  A  transmission 
signal  excites  nuclei  of  the  element  of  interest.  Scientists 
monitor  the  re-emitted  signals  (as  the  nuclei  return  to  a 
relaxed  state),  to  learn  about  the  structure  of  the  sur- 
rounding material. 

The  term  "Magic  Angle"  comes  from  a  technique  of 
spinning  the  sample  at  a  calculated  angle  with  respect  to 
the  magnetic  field  around  the  sample. 

The  signal  information  is  then  processed  to  tell 
about  the  chemical  bonds  and  shock-related  features  of 
the  mineral.  In  the  case  of  quartz,  oxygen  atoms  cluster 
around  silicon  in  differing  ways.  The  signals  from  the 
nuclei  give  information  about  this  clustering. 

Boslough  made  use  of  the  Labs'  past  experience  in 
explosive  loading  to  provide  samples  of  minerals  pre- 
cisely exposed  to  desired  pressures  and  temperatures. 

Boslough  and  Cygan  studied  shocked  and  unshocked 
samples  using  scanning  electron  microscope  and  X-ray 
diffraction  techniques,  then  compared  the  results  with 
Kirkpatrick's  NMR  data.  The  comparisons  suggest  that 
NMR  offers  more  sensitivity  for  determining  shock 
pressures. 

Past  studies  of  the  optical  properties  of  minerals  and 
observation  of  shock  planes  have  been  useful  in  deter- 
mining  if  shock   metamorphism   has   occurred,   Cygan 


explained.  These  have  been  limited  to  cases  of  very 
powerful  shocks,  however,  such  as  those  felt  near  the 
center  of  a  meteorite  impact. 

The  increased  sensitivity  of  NMR  allows  the  effects 
of  shock  metamorphism  to  be  seen  in  samples  where  less 
powerful  shocks  were  experienced  or  in  samples  further 
from  the  center  of  a  meteor  impact.  Because  much  of  the 
material  near  the  meteorite  impact  center  is  ejected,  the 
sensitivity  of  NMR  may  prove  valuable  in  studying 
naturally  occurring  minerals  subjected  to  a  shock  event. 

One  example  is  a  recent  NMR  study,  which  identi- 
fied stishovite  in  a  sample  of  clay  taken  from  the 
Cretaceous-Tertiary  (K-T)  boundary  in  New  Mexico. 
This  would  tend  to  support  the  Luis  and  Walter  Alvarez 
hypothesis  that  the  impact  of  an  extraterrestrial  object 
with  earth  led  to  mass  extinctions  65  million  years  ago. 
"We  have  proposed  this  method  for  looking  at  K-T 
boundary  samples  and  natural  samples  near  meteorite 
impacts,"  said  Cygan.  n 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 

Bibliography  of  Electron  Swam  Data 


The  Atomic  Colli.sion  Data  Center  of  ttie  NIST/Universily  of  Colorado  Joint  Institute  for  Laboratory  Astrophysics 
(JILA)  has  published  the  third  general  bibliography  on  electron  swarm  data.  It  is  a  compilation  of  references  lo 
swarm  datii  published  between  1978  and  mid- 1989.  An  electron  swarm  is  a  cloud  of  electrons  in  a  neutral  gas 
under  conditions  such  that  the  dominant  interactions  are  the  collisions  between  the  electrons  and  the  gas  atoms  or 
molecules.  Measurements  include  drift  velocities,  diffusion  coefficients,  rates  of  growth  of  electron  density  due  to 
ionization,  electron  loss  rates  due  lo  recombination  or  attachment,  and  the  rates  of  excitation  of  the  various  atomic 
or  molecular  energy  levels.  The  most  important  application  of  electron  swarm  data  is  in  deriving  cross  sections  for 
low  energy  electron  impact  on  atoms  and  molecules. 

FOR  ADDITIONAL  INFORMATION:  A  Bibliography  of  Electron  Swarm  Data.  1978-1989.  is  available  from  the 
JILA  Atomic  Collision  Data  Center,  University  of  Colorado,  Boulder,  Colo.  80309. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899  .__^ 

Basic  Membrane  Research 


The  NIST  membrane  separations  program  helps  to  bridge  the  gap  between  the  fundamental  work  typical  of 
academic  laboratories  and  the  applied  research  of  industrial  organizations.  NIST  conducts  both  basic  and  applied 
research  on  systems  that  are  riskier  in  terms  of  near-term  payoff.  Current  areas  of  interest  include  gas  separations, 
pervaporation,  ulU"afiltration,  and  general  studies  which  include  membrane  sorption  data  for  a  variety  of  solutes, 
external  field  effects  on  permeation,  and  membrane  bioreactor  concepts. 

FOR  ADDITIONAL  INFORMATION:  A  recent  paper,  no.  40-90,  outlines  the  programs  and  facilities  and 
discusses  current  results  and  future  plans.  For  a  copy,  contact  Jo  Emery,  Div.  104,  NIST,  Boulder,  Colo.  80303; 
303/497-3237.  For  more  information  about  the  program,  contact  Dr.  John  J.  Pellegrino,  Chemical  Ehgineering 

Sciences  Division,  NIST,  Boulder,  Colo.  80303;  303/497-3416. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

New  Mass  Spec  Database  of  Common  Compounds 

The  NIST  Ma.ss  Spectral  Database  of  Common  Compound.s  (Standard  Reference  Database  IBj  is  a  new  personal 
computer-based  (PC)  collection  of  10,215  complete  spectra  and  data  for  the  most  commercially  available  chemical 
compounds,  widely  used  drugs,  and  environmentally  important  compounds.  Diagrams  showing  the  molecular 
structures  of  97  percent  of  the  chemicals  arc  included.  The  database  uses  the  same  fast  software  for  data  searches 
that  was  developed  for  the  larger  NIST/EPA/MSDC  Mass  Spectral  DaUibase.  (Sec  above.)  The  new  database  will 
be  useful  as  a  leaching  aid,  or  for  researchers  with  limited  disk  storage  space.  The  database  does  not  qualify  under 
EPA  regulations  for  reporting  "tentatively  identified  compounds"  at  hazardous  waste  sites. 

FOR  ADDITIONAL  INFORMATION:  Standard  Reference  Database  IB  is  available  for  S350  from  the  Standard 
Reference  Database  IB  is  available  for  $350  from  the  Standard  Reference  Data  Program,  A323  Physics  Bldg., 
NIST,  Gaithersburg,  Md.  20899;  301/975-2208. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Major  Expansion  Announced  for  Mass  Spec  Database 

More  ihan  4,000  new  analytical  mass  spectra  have  been  added  to  the  NIST/EPA/MSDC  Mass  Spectral  Database,  a 
major  international  resource  used  by  analytical  chemists  and  environmental  scientists  to  identify  unknown 
substances.  The  database  now  contains  complete  spectra  for  approximately  54,000  chemical  compounds.  A  major 
research  effort  has  corrected  several  thousand  errors  that  had  crept  into  the  data  collection  over  the  years.  Mass 
spectrometry  is  an  analytical  technique  used  widely  in  pharmaceutical,  biological,  and  environmental  research  as 
well  as  in  the  chemical  industry.  EPA  requires  environmentalists  to  use  this  database  for  analyzing  "tentatively 
identified  compounds"  at  hazardous  waste  sites. 

FOR  ADDITIONAL  INFORMATION:  The  database  is  available  on  standard  diskettes  for  personal  computers 
(PCs)  or  on  magnetic  tape.  To  order  PC  Version  3.0,  or  to  obtain  a  license  agreement  for  the  database  in  magnetic- 
tape  fonn,  contact  the  Standard  Reference  Data  Program,  A323  Physics  Bldg.,  NIST,  Gaithersburg,  Md.  20899; 

301/975-2208. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 

Novel  Process  for  Growing  Crystals 

NlST  .scientists  tiavc  developed  a  novel  process,  called  osmotic  dewatering,  for  growing  single  crystals  of  inorganic 
and  organic  materials,  including  proteins.  Osmotic  dewatering  occurs  when  two  aqueous  salt  solutions  are 
separated  by  a  .semipermeable  membrane  through  which  only  water  can  pass;  the  osmotic  pressure  difference 
cau.scs  slow  tran.spori  of  water  from  the  dilute  .solution  conUiining  a  proiein  to  a  conccniralcd  sail  solution.  The 
process  removes  water,  and  only  water,  from  the  mother  liquor  in  which  crystals  are  grown.  The  method  permits 
slow  and  controllable  nuclcation  and  growth  needed  to  form  large,  single  crystals  suitable  for  study  by  x-ray 
crystallography.  Using  this  method,  the  NIST  scientists  have  grown  crystiils  of  lysozymc,  a  protein,  to  about  1  mm 
in  size  and  of  high  quality  for  x-ray  crystallography.  They  al.so  have  grown  crysuUs  of  triglycine  sulfate,  a  material 
used  in  electronic  applications. 

FOR  ADDITIONAL  INFORMATION:  A  paper,  no.  35-90,  describing  the  process  is  available  from  Jo  Emery, 
Div.  104,  NIST,  Boulder,  Colo.  80303;  303/497-3237. 
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Generating  Second  IHarmonics  in  Nonlinear  Resonant  Cavities 

Single-axial-mode  lasers  pump  very-low-loss  doubling  crystals. 


Ttiere  has  been  increased  interest  in  the 
development  and  applications  of  solid- 
state  lasers  pumped  by  diode  lasers.  One 
important  application  is  in  the  generation  of 
visible  radiation  by  doubling  of  frequency 
Since  the  power  levels  of  diode-pumped 
continuous-wave  lasers  are  relatively  low, 
the  efficient  generation  of  second  har- 
monics requires  some  methods  of  increas- 
ing the  intensities  in  the  doubling  crystals. 

Although  internal  second-harmonic-gen- 
erating lasers  typically  yield  good  conver- 
sion efficiencies,  they  usually  oscillate  in 
several  axial  modes,  resulting  in  large  fluc- 
tuations in  the  amplitudes  of  the  second 
harmonics.  Experiments  in  the  generation 
of  second  harmonics  with  the  help  of  exter- 
nal resonant  cavities  have  indicated  the 
importance  of  using  both  lasers  that  are 
stable  in  frequency  to  maintain  the  reso- 
nance condition,  and  very-low-loss  exter- 
nal cavities  and  doubling  crystals  for  large 
fundamental  enhancements. 

An  important  advance  in  making  reso- 
nant generation  of  second  harmonics 
possible  for  diode-laser-pumped  solid-state 
lasers  has  been  the  recent  development  of 
monolithic  nonplanar  ring  geometries  in 
neodymium:yttrium  aluminum  garnet  (Nd: 
YAG)  lasers  that  produce  frequency-stable 
single-mode  outputs.  The  other  important 
advance  was  the  development  of  high- 
quality  MgOiLiNbOgas  an  electro-optically 
nonlinear  material.  Accordingly,  a  series  of 
experiments  was  devised  to  improve  the 
doubling  efficiency  of  low-power  lasers, 
and  particularly  of  diode-laser-pumped 
continuous-wave  Nd:YAG  lasers. 

A  Nd;YAG  nonplanar  ring  oscillator  was 
used  in  three  experiments.  MgOiLINbOg 
was  selected  as  the  nonlinear  material  for 
these  experiments  tDecause  of  its  low  loss 
and  large  nonlinear  coefficient  for  non- 
critical  phase-matched  doubling  of  the  fre- 
quency of  radiation  of  a  wavelength  of 
1,064  nm.  A  monolithic  cavity  was  desired 
for  these  experiments  to  ensure  the  lowest 
possible  cavity  losses  and  good  frequency 
stability.  The  resonators  were  formed  by 
polishing  curved  ends  on  the  MgO:LiNb03 
crystal  and  then  depositing  thin  films  di- 
rectly on  these  curved  surfaces. 

The  experiments  were  performed  on 
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In  the  Experimental  Ring  Doubier,  the  single-ended  output  is  detected  through  the  dichroic 
mirror.  The  reflected  fundamental-frequency  beam  used  for  locl<ing  is  measured  directly, 
eliminating  the  need  for  the  Faraday  isolator  that  would  be  required  if  this  were  a  standing- 
wave  doubier. 


three  separate  monolithic  resonators:  a 
standing-wave  doubier  and  two  external- 
ring  resonant  doubters.  The  figure  shows 
the  experimental  setup  for  the  external- 
ring-resonant-doubler  experiments.  The 
frequency  of  the  laser  was  controlled  by 
adjusting  the  temperature  of  the  laser  crys- 
tal. The  ring  geometry  eliminates  the  need 
for  a  Faraday  isolator  because  the  incident 
fundamental-frequency  beam  is  reflected 
and  refracted  obliquely  from  the  slanted 
surface  of  the  external  cavity  The  reflected 
portion  of  this  power  is  detected  and  used 
for  locking  the  ring  doubier  by  use  of  the 
dither-and-lock-in-detection  technique.  The 
dither-and-lock-in-detection  servo  proved 
to  be  very  robust,  tracking  the  effect  of  the 
thermal  drift,  and  the  system  maintained 
lock  and  good  second-harmonic-power 
stability  for  arbitrarily  long  periods. 

In  one  experiment,  56  percent  efficien- 
cy was  achieved  in  the  resonant  genera- 
tion of  second  harmonics  by  use  of  an  ex- 
ternal cavity  with  a  diode-laser-pumped, 
continuous-wave,  single-axial-mode  Nd: 
YAG  laser.  A  theory  of  external  doubling 
with  a  resonant  fundamental  was  devel- 
oped and  compared  with  experimental 
results  for  three  monolithic  cavities  of 
nonlinear  MgO:LiNb03.  This  technique  is 
being  used  to  pump  an  optical  parametric 
oscillator,  which  can  be  used  for  remote 
wind  measurements.  The  doubier  laser 


can  also  be  used  as  a  frequency  standard 
for  laboratory  calibration  of  "wavemeters" 
(for  use  in  accurate  measurements  of  the 
frequencies  of  lasers). 

This  work  was  done  by  William  J. 
Kozlovsky,  C.  David  Nabors,  and  Robert  L 
Byer  of  Stanford  University  for  Langley 
Research  Center.  No  further  documenta- 
tion is  available. 

In  accordance  with  Public  Law  9&517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be  ad- 
dressed to 

Jon  Sandelin 

Office  of  Technology  Licensing 

Stanford  University 

857  Serra  St.,  Second  Floor 

Stanford  CA  94305-6225 
Refer  to  LAR-14051/TN 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  Jofin  Samos 
Mail  stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWi  Airport.  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUIVIBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Molecular  Electronic  Shift  Registers 

Electrical  charges  would  be  transferred  along  chains  of  repeating  nnolecular  units. 


Molecular-scale  shift  registers  may 
eventually  be  constructed  as  parts  of  high- 
density  integrated  memory  circuits.  In  prin- 
ciple, the  variety  of  organic  molecules 
makes  possible  a  large  number  of  different 
configurations  and  nnodes  of  operation  for 
such  shift-register  devices.  Several  class- 
es of  devices  and  implementations  in 
some  specific  types  of  molecules  have 
been  proposed.  All  are  based  on  the  trans- 
fer of  electrons  or  holes  along  chains  of  re- 
peating molecular  units. 

Figure  1  illustrates  a  device  of  one  of  the 
conceptual  classes.  Each  rep)eating  unit 
would  include  three  molecular  groups  (a,  fi, 
and  y)  that  would  serve  as  electron-locali- 
zation sites.  A  "1 "  (or  "0")  would  be  written 
by  reducing  (or  not  reducing)  the  first  re- 
peat unit  in  the  chain,  which  would  be  in 
contact  with  an  electrode.  Exposing  the 
chain  to  short,  intense  bursts  of  light  would 
shift  the  written  state  one  unit  to  the  right. 
The  potential  of  the  electrode  would  deter- 
mine whether  a  "1"  or  "0"  is  written  into 
the  left  end  of  the  shift  register  during  a 
given  flash  of  light.  On  the  three  units 
shown  in  this  figure,  the  state  of  charge 
represents  the  string  "010".  Periodic 
pulses  of  light  would  both  provide  the 
power  and  serve  as  the  synchronizing 
clock  signals.  Electrons  would  collect  at  an 
electrode  at  the  right  end  of  the  chain. 

The  generic  requirements  for  the  proper 
function  of  systems  like  the  one  in  Figure  1 
include  the  following:  (1)  the  forward 
transfer  from  the  excited  donor  must  be 
much  faster  than  the  corresponding  radia- 
tive plus  nonradiative  decay  to  the  donor 
ground  state  (k^^k^j);  (2)  all  forward  trans- 
fers must  be  faster  than  reverse  transfers 
(kj:»k_.|  and  k^^k  _2);  and  (3)  the  trans- 
fer of  electrons  from  the  excited  donor  (k,) 
must  be  much  faster  than  the  recombina- 
tion rate  (k_2)  to  avoid  a  "bottleneck"  at 
the  connection  between  repeating  units. 

The  intermediate  state  serves  the  vital 
function  of  allowing  a  first  extremely  fast 
transfer  of  charge  to  compete  with  unpro- 
ductive decay  of  the  donor  excited  state. 
The  residence  of  the  electron  at  the  inter- 
mediate prevents  the  confusion  of  the 
electronic  "bits"  in  adjacent  cells.  This  in- 
termediate also  provides  a  large  distance 
between  the  acceptor  and  donor  states 
within  a  single  repeating  unit.  Because 
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Figure  1.  The  Shift  of  an  Electron  is  initiated  by  the  excitation  ot  the  donor  (a)  molecular  sub- 
unit.  The  presence  of  an  electron  (representing  a  "1")  in  the  second  unit  is  represented  by  the 
small  upward-pointing  arrow. 


Figure  2.  This  Repeating  Unit  of  a  Polymer  has  energy  levels  distributed  according  to  the 
scheme  shown  qualitatively  in  one  of  the  repeating  units  in  Figure  l.  This  polymer  would  be 
put  into  the  active  state  (000. .  .0)  by  electrochemical  oxidation  of  aii  porphyrin  species;  a  "1" 
would  be  written  on  the  left  side  of  the  molecule  by  reducing  the  ring.  The  porphyrin  could  be 
built  from  functionallzed  segments. 


these  electron-transfer  reactions  decay 
approximately  exponentially  with  distance, 
intermediates  are  essential  for  efficient 
transfer  of  charge  over  long  distances.  The 
molecule  is  chosen  to  have  an  intermedi- 
ate electronic  state  from  which  a  thermo- 
dynamically  allowed  reverse  transfer  of  an 
electron  is  forbidden. 

The  clock-cycle  time  must  be  much 
longer  than  the  time  required  to  transfer  an 
electron  from  donor  to  donor  Also,  the 
duration  of  the  pulse  of  light  must  be  short 


enough  to  suppress  the  shift  of  charge 
along  more  than  one  repeating  unit  at  a 
time.  Multiple  excitatKXi  cycles  per  dock 
cycle  can  be  used  to  optimize  ttie  yieW 
(because  the  probability  of  charge  transfer 
during  each  cycle  could  be  less  tfian  1). 
Writing  one  bit  every  other  clock  cycle 
avoids  the  "bottleneck"  problem  but 
halves  the  density  of  information. 

Figure  2  illustrates  a  repeating  molecu- 
lar unit  of  the  type  that  might  be  used  to  inrv 
pJement  the  scheme  of  Figure  2.  This  unit 
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contains  a  porphyrin,  quinone(1),  quinone 
(2)  chain.  The  rate  could  be  tuned  by  altera- 
tion of  the  linking  units;  for  example,  by  ad- 
dition of  a  rigid  saturated  spacer  bicy- 
clo[2,2,2]octane  unit.  M  could  be  Zn  or  Pd, 
for  example.  Both  give  stable  porphyrins  in 
the  two  oxidation  states.  By  altering  the 
metal,  the  lifetime  of  the  excited  donor 
state  could  be  tuned  to  optimize  the  quan- 
tum yield  for  the  transfer  of  electrons. 
This  work  was  done  by  David  N.  Beratan 


of  Caltech  for  NASA's  Jet  Propulsion 

Laboratory  and  by  Jose  N.  Onuchic  of  the 
Instituto  de  Fisica  e  Ouimica  de  Sao 
Carlos,  Brazil. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA's  Resident  Office-JPL 
Refer  to  NPO-17606/TN. 
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Optical  Modulation  via  the  Photorefractive  Effect 

Rotation  of  polarization  and  use  of  an  analyzer  yield  large  variations  in  intensity. 


Experinnents  stnow  that  one  beam  of 
light  can  be  used  to  change  the  intensity  of 
another  beam  via  the  photorefractive  ef- 
fect in  GaAs.  The  results  of  the  experi- 
ments agree  closely  with  predictions  of  the 
theory  of  the  photorefractive  effect.  Fur- 
thermore, according  to  the  theory  this 
modulation  scheme  should  work  with  other 
photorefractive  materials  of  similar  crystal- 
log  raphic  symmetry 

The  configuration  is  shown  schemati- 
cally in  the  figure.  An  incident  coherent 
signal  beam  (the  beam  to  be  modulated) 
and  an  incident  reference  beam  (the  mod- 
ulating beam)  intersect  in  the  GaAs  crystal, 
which  is  oriented  so  that  the  bisector  of  the 
angle  of  intersection  of  these  beams  is 
perpendicular  to  the  surface.  The  incident 
beams  are  polarized  along  the  <001> 
crystalline  axis.  The  interference  vector 
lies  along  the  <TTO>  crystalline  axis. 

The  internally-generated  space-charge 
electric  field  is  also  aligned  with  the<  T  10> 
axis  and  gives  rise  to  two  principal  dielec- 
tric axes  via  the  electro-optical  effect.  The 
component  of  the  electric  field  of  the  inci- 
dent beams  that  lies  along  each  such  axis 
experiences  a  change  in  the  index  of  re- 
fraction opposite  to  that  experienced  by 
the  component  along  the  other  axis.  In 
other  words,  these  two  components  pass 
through  two  different  index-of-refraction 
gratings  of  equal  modulation  depth  and 
180°  apart  in  phase. 

The  index-of-refraction  gratings  are  90° 
out  of  phase  with  the  pattern  of  interference 
between  the  incident  beams,  and  each 
grating  causes  the  transfer  of  optical  ener- 
gy from  one  beam  to  the  other  The  position 
of  the  gratings  with  respect  to  the  interfer- 
ence pattern  determines  the  direction  of 
transfer  The  net  effect  is  that  in  traveling 
through  the  crystal,  one  of  the  components 
of  the  signal  beam  grows  somewhat  due  to 
constructive  interference  while  the  other 
component  is  diminished  by  destructive  in- 
terference. Thus,  the  polarization  is  rotated 
through  a  small  angle  ip,  as  shown  in  the 
lower  part  of  the  figure.  (The  polarization  of 
the  reference  beam  is  rotated  by  the  same 
amount  in  the  opposite  direction.) 

An  analyzer  (that  is,  a  sheet  of  polarizing 
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VIEW  ALONG  <110^  AXIS,  SHOWING  ROTATION 
OF  POLARIZATION  OF  SIGNAL  BEAM 


Two  Incident  Laser  Beams  Interact  via  the  photorefractive  effect  in  a  suitably  oriented  crys- 
tal of  GaAs  or  electro-optically  similar  material.  Each  beam  causes  the  polarization  of  the 
other  beam  to  rotate.  The  rotation  (In  effect,  the  modulation)  can  be  detected  by  passing  the 
modulated  beam  through  an  analyzer. 
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material)  is  placed  in  the  signal  beam  on 
the  output  side  with  its  axis  of  polarization 
oriented  to  suppress  some  or  all  of  the 
signal  beam  in  the  absence  of  the  refer- 
ence beam.  Then  as  the  reference  beam 
increases  in  intensity,  the  output  polariza- 
tion rotates,  and  the  portion  of  the  signal 


beam  that  passes  through  the  analyzer  in- 
creases in  intensity  In  the  experiments, 
which  were  conducted  with  a  helium/neon 
laser  operating  at  a  wavelength  of  1.15  ^m, 
the  modulation  reached  a  level  of  500  per- 
cent, limited  only  by  the  finite  extinction 
ratio  of  the  analyzer. 


777/s  work  was  done  by  Li-Jen  Cheng 
and  A.  Partovi  of  Caltech  and  E.  Garmire  of 
the  University  of  Southern  California  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17460/rN 
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Technology  Application 


Sandia  National  Laboratory 

Micromirror  Optical  Sensor  Can  Detect  Range  of 
Chemicals 


Scientists  at  Sandia  National  Laboratories  have 
demonstrated  a  new  concept  in  remote  sensors,  adapting 
commercially  available  fiber  optic  technology  to  contam- 
inant detection  and  control  applications. 

First  studied  as  a  way  to  monitor  for  corrosion  or  gas 
leaks  in  the  weapons  program,  the  sensors  are  capable  of 
detecting  a  broad  range  of  chemicals  and  compounds. 
They  are  part  of  a  suite  of  environmental  technology 
instruments  now  under  development  at  Sandia  to  help 
monitor  air,  water,  and  soil.  Potential  applications  in- 
clude monitoring  drainage  areas  around  underground 
storage  tanks  or  waste  dumps  and  monitoring  for  atmo- 
spheric contamination. 

Michael  A.  Butler,  one  of  the  developers,  presented 
a  paper  on  the  new  sensors  at  the  national  meeting  of  the 
American  Chemical  Society  in  Boston. 

Researchers  build  the  tiny  sensors  by  evaporating 
ultra-thin  films  (100  Angstroms,  or  about  the  thickness 
of  the  smallest  of  viruses)  of  nickel,  silver,  palladium, 
gold,  and  other  metals  onto  the  cleanlv  cut  ends  of  thin 
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r- 

Coupler 

Photo- 
detector 

In  Sandia-developed  micromirror  chemical  sensor,  a  solid-state 
laser  or  light-emitting  diode  propels  Yapid  pulses  of  light  down 
the  optical  fiber  Reactions  between  chemicals  in  the  environ- 
ment and  the  thin  metal  coatings  on  the  fiber  change  the  metal's 
reflectivity  and  the  intensity  of  the  returning  signal  The  return 
intensity  becomes  a  measure  of  concentration  of  the  detected 
chemical 

optical  fibers.  These  coatings,  called  micromirrors,  show 
changes  in  reflective  quality  when  exposed  to  selected 
chemicals  in  experiments. 

The  precise  reflectivity  of  a  coating  is  measured  by 
sending  optical  signals  through  the  fibers  to  the 
micromirrors  and  then  monitoring  the  strength  of  the 
return  signal  with  a  photo  detector.  To  date,  researchers 
have  successfully  detected  mercury,  oxygen,  nitrogen 
dioxide,  chlorine,  sulfur  dioxide,  and  hydrogen  sulfide 
using  the  mirrored  fibers. 

Work  is  also  inider  way  on  a  polymer-modified 
micromirror  sensor,  using  a  plasma-deposited  polymer 
to  detect  concentrations  of  organic  pollutants,  such  as 


trichloroethylene  (TCE)  and  other  solvents.  In  these 
sensors,  a  clear  polymer  deposited  atop  the  micromirror 
coating  swells  when  contacted  by  organic  compounds. 
This  affects  the  reflection  of  optical  signals  to  the  photo 
detector. 

"We  have  had  some  success  with  high  concentrations 
of  contaminants,"  said  Butler.  "Now  we  need  to  look  at 
ways  of  optimizing  the  sensor  to  detect  lower  levels." 
Butler,  Antonio  J.  Ricco.  and  Kent  B.  Pfeifer,  all  of 
Sandia's  Microsensor  Division,  are  named  as  co-inventors 
in  a  micromirror  chemical  sensor  patent  application. 

Butler  has  been  respcmsibit-  lur  the  optical  aspects  of 
sensor  development.  Pfeifer  designed  the  electronics 
package  for  the  device.  Ricco  was  charged  with  materials" 
selection  and  chemical  asi)ects  ot  the  work.  Richard  J. 
Buss,  of  Sandia's  Physical  Ciiemistry  and  Mechanical 
Properties  of  Polymers  Division,  helped  the  team  in  the 
deposition  of  polymers  on  the  liber  ends. 

Advantages  of  small  size,  optical  retrieval 

Advantages  of  the  sensor>  are  their  small  size,  which 
could  make  them  easily  portable,  and  the  optical  data 
retrieval  system.  Fiber  optic  connections  would  allow 
the  sensors  to  remain  in  place  in  underground  or  other 
applications.  Public-health  technicians  could  make  read- 
ings from  many  remote  sensors  by  feeding  the  fibers  to  a 
central  location.  "We're  taking  commercial  components, 
developed  for  the  optical  communication  industry,  and 
using  them  in  sensing  applicaticms."  Butler  explained. 

The  remote  sensors,  although  not  yet  ready  for 
commercial  productii)n,  h.uc  the  potential  for  being 
much  less  expensive  than  traditional  techniques.  If 
low-cost  sensors  can  be  developed  for  various  types  of 
toxic  chemicals,  they  will  prtnide  an  effective  way  to 
monitor  chemical  migration  and  the  effectiveness  of 
containment  efforts. 

Two  chemical  processes  can  be  detected  in  the 
micromirror  type  sensor.  One,  chemisorption.  is  the 
creation  of  chemical  bonds  between  molecules  of  a  gas  or 
liquid  and  the  solid  surface  oi  the  metal.  This  bonding 
quickly  reduces  the  optical  thickness  of  the  mirror 
metal,  typically  by  only  a  few  molecular  layers.  This  is 
enough,  however,  to  measurably  change  the  rellectivity 
o(  the  coating. 

In  a  few  cases,  a  slower  reaction  also  occurs  beneath 
the  metal  surface,  changing  the  entire  micromirror  film 
into  a  compound  oi  the  reacting  chemical.  This  "bulk" 
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reaction  and  the  quicker  "surface"  reaction  have  both 
been  observed  in  laboratory  experiments, 
in  sync  and  identical  or  similar  in  wavelength  depending 
on  the  light  source — travel  down  the  optical  fiber.  A 
change  in  the  amount  of  light  reflected  by  the 
micromirror  is  shown  as  a  change  in  the  intensity  of  the 
returning  signal. 

In  the  polymer-modified  sensor,  light  is  reflected  by 
both  the  metal  surface  and  the  end  of  the  polymer 
coating.  Reflected  light  waves  from  the  two  surfaces 
interfere  with  one  another.  The  intensity  of  the  light 
returning  to  the  photo  detector  thus  becomes  a  measure 
of  the  swelling  of  the  polymer  film. 

Depending  on  the  thickness  of  the  polymer,  the 
wavelength  of  the  light  used,  and  the  amount  of  change 
in  polymer  thickness  caused  by  the  reaction,  returning 
light  waves  can  increase  or  decrease  in  amplitude,  Butler 
said.  Constructive  (increased  amplitude)  or  destructive 
(decreased  amplitude)  interference  is  measured  and 
translated  to  contaminant  concentration  levels. 

Difficulties  in  bonding  the  polymer  to  the  metal 
coatings  and  understanding  how  to  optimize  the  thick- 
ness of  the  polymer  are  among  problems  still  to  be 
overcome.  "You  get  a  bigger  swelling  effect  with  a 
thicker  film,  but  thicker  might  also  mean  a  slower 
response.  You  want  a  thickness  that  gives  a  fast  response 
but  one  that  is  also  sensitive  enough  for  low  concentra- 
tions," said  Butler.  .    ■ 


Will  seek  classes  of  contaminants 

Beginning  with  coatings  of  a  single  metal,  such  as 
gold,  to  detect  a  single  interacting  element,  such  as 
mercury,  Butler,  Ricco,  and  their  Sandia  colleagues  have 
now  moved  on  to  studies  of  more  complex  coatings  that 
may  react  to  a  class  of  contaminating  materials,  such  as 
organic  solvents.  "These  coatings  eliminate  the  need  to 
have  separate  sensors  for  each  of  a  group  of  desired 
chemicals,"  Ricco  explained. 

In  the  polymer-modified  sensor,  the  clear  polymer 
coating,  which  is  similar  to  Teflon,  is  insensitive  to  water 
but  swells  when  it  absorbs  solvents  or  other  organic 
pollutants,  much  as  a  dry  sponge  swells  when  it  absorbs 
water.  This  changes  the  dimension  of  the  polymer  and 
affects  the  reflected  signal. 

A  solid-state  laser  or  light-emitting  diode  serves  as 
the  light  source,  emitting  light  at  a  rate  of  10.000  pulses 
per  second.  These  rapid  pulses  of  coherent  light — locked 
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Frequency-Domain  Signal  Processor  for  Laser  Velocimeter 

The  dynamic  range  and  accuracy  are  increased. 


A  new  signal  processor  for  laser-veloc- 
imeter  (LV)  applications  overcomes  the 
major  limitations  of  present  signal  proc- 
essors. The  system  requires  no  input-sig- 
nal conditioning  other  than  that  provided  by 
amplifiers,  and  it  operates  in  the  instan- 
taneous mode  at  signal  levels  from  bursts 
containing  as  few  as  150  photons  down  to 
the  photon-resolved  regime  in  the  averag- 
ing mode. 

The  residual  turbulence  intensity  is  0,2 
percent,  with  little  dependence  on  the 
signal-to-noise  ratio.  Therefore,  this  system 
has  the  capabilities  of  a  high-speed  burst 
counter  over  a  greater  dynamic  range  of 
input-signal  levels  while  providing  a  more 
accurate  measurement  of  the  signal  fre- 
quency It  has  a  residual  or  false  turbu- 


lence-intensity value  (turbulence-intensity 
measurement  value  due  to  instrument 
noise  obtained  with  a  constant  input-signal 
frequency)  approximately  one-fifth  that  of  a 
high-speed  burst  counter  and  this  value  is 
obtained  with  as  few  as  500  photons  per 
burst  and  remains  essentially  constant  at 
higher  signal  levels. 

The  frequency-domain  LV  signal  proc- 
essor (see  figure)  consists  of  a  nonlinear 
analog-to-digital  converter,  data-storage 
shift  registers,  a  banl<  of  digital  elliptical 
filters,  a  controlling  microprocessor,  and 
miscellaneous  frequency-  and  signal-gain- 
control  circuits.  These  functional  elements 
are  divided  into  two  groups:  (1)  the  high- 
speed transient-recorder  group  containing 
the  nonlinear  analog-to-digital  converter 


and  datastorage  shift  registers  and  (2)  the 
low-speed  data-processing  group  contain- 
ing the  filter  bank  and  controlling  micro- 
processor. 

The  transient-recorder  group  captures 
and  stores  a  digitized  version  of  an  LV 
signal  burst  when  the  integrated,  digitized 
photomultiplier  output  signal  crosses  a 
threshold  level,  indicating  the  presence  of 
the  signal  burst.  The  captured  signal  burst 
is  then  transferred  to  the  data-processing 
group,  where  it  is  put  into  a  bank  of  seven 
digital  elliptical  band-pass  filters.  The  signal 
passing  through  each  of  the  seven  filters  is 
statistically  analyzed,  using  zero-crossing 
detection  and/or  energy  distribution  to 
yield  the  frequency  of  the  signal  contained 
within  the  signal  burst  This  digital  value  is 
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Note  I  =  Reference  Frequency. 


The  Digital  Value  of  the  Signal-Burst  Frequency  is  sent  to  the  external  computer  system  for  conversion  to  a  value  of  absolute  frequency, 
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then  made  available  to  the  external  data- 
acquisition  hardware  or  computer  system. 
The  frequency-domain  LV  signal  proc- 
essor Is  designed  to  have  two  phases  of 
operation.  The  first  is  the  instrument-setup 
phase,  wherein  the  reference  clock  fre- 
quency and  filter  selection  are  established, 
and  the  second  is  the  data-acquisition 
phase.  Following  the  completion  of  the 
data-acquisition  phase,  the  external  com- 
puter system  completes  the  data-acquisi- 
tion process  by  converting  the  measured 
frequencies  to  absolute  frequency  values 
through  multiplication  of  the  data  by  the 
reference  clock  frequency  Interarrival 
times  (times  between  adjacent  signal 
bursts)  are  obtained  by  using  the  external 


data-acquisition  system  to  measure  the 
time  between  the  command  pulses  from 
the  signal-integration  circuit.  Therefore, 
the  same  data-acquisition  scheme  cur- 
rently used  for  high-speed  burst-counter 
measurements  is  maintained  with  the 
frequency-domain  LV  signal  processor 

This  work  was  done  by  James  F.  Meyers 
and  James  I.  Clemmons,  Jr,  of  Langley 
Research  CenXer  and  John  W.  Stoughton, 
Sharad  V.  Kanetkar,  and  Andreas  E. 
Savakis  of  Old  Dominion  University.  Fur- 
ther information  may  be  found  in  NASA 
TP-2735  [N87-27994],  Price  Code:  A03 
"Frequency  Domaon  Lase  Velocimeter 
Signal  Processor." 

This  invention  is  owned  by  NASA,  and 


a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  Langley  Research  Center  Refer 
to  LAR-13552/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757. 
BWI  Airport,  MD  21240:  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


IWNSATech  Brief 

National  Aerofiauticsand 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Isothermal  Calorimeter 

A  pressure-feedback  signal  indicates  the  rate  of  heating. 


An  improved  isothermal  calorimeter 
measures  the  rate  of  heating  in  an  object 
under  test.  It  is  called  "isothermal"  be- 
cause the  chamber  that  holds  the  object 
and  its  environment  are  maintained  at  or 
near  a  constant  temperature  to  minimize 
spurious  transfers  of  heat  that  would  in- 
troduce errors  into  the  measurements.  Un- 
like in  other  types  of  calorimeters,  the  rate 
of  heating  is,  therefore,  not  measured  in 
terms  of  the  rate  of  increase  of  tempera- 
ture. Instead,  it  is  measured  in  terms  of  the 
rate  of  boiling  of  a  liquid. 

As  shown  schematically  in  the  figure, 
the  calorimeter  includes  an  insulated  inner 
test  chamber  and  an  outer  chamber,  both 
partially  filled  with  the  liquid,  which  is  usual- 
ly trichloromonofluoromethane  (CCI3F). 
The  object  is  immersed  in  the  liquid  in  the 
inner  chamber  A  small  hole  in  the  bottom 
of  the  inner  chamber  allows  the  liquid  to 
flow  between  the  two  chambers.  The  liquid 
in  both  chambers  is  kept  at  a  low  boil  by 
heaters  so  that  both  liquids  remain  at  or 
near  the  boiling  temperature,  and  the 
space  above  the  liquid  in  both  chambers  is 
filled  with  vapor.  A  condenser  limits  the 
height  of  the  vapor  space  in  the  outer 
chamber 

A  differential-pressure  gauge  at  the  top 
of  the  inner  chamber  measures  the  dif- 
ference between  the  vapor  pressures  in 
the  two  chambers.  A  control  circuit  re- 
sponds to  the  differential-pressure  signal 
by  applying  a  control  voltage  to  a  ser- 
vovalve  at  the  top  of  the  inner  chamber 
near  the  gauge.  The  control  circuit  adjusts 
the  opening  of  the  valve  to  maintain  the 
vapor  pressure  in  the  inner  chamber  0.1  psi 
(0.7  kPa)  above  that  in  the  outer  chamber 

When  the  item  under  test  generates 
heat,  the  rate  of  boiling  and  the  pressure  in 
the  inner  chamber  increase.  The  servo- 
valve  has  to  open  wider  to  maintain  the 
preset  differential  pressure.  Thus,  the 
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The  Isothermal  Calorimeter  is  shown  here  in  simplified  schematic  form  to  illustrate  the  prin- 
ciple of  operation.  The  rate  of  heating  in  the  object  under  test  is  indicated  by  the  control  volt- 
age applied  to  the  servovalve  to  maintain  a  constant  differential  vapor  pressure  between  the 
inner  and  outer  chambers. 


valve-control  voltage  can  be  used  as 
measure  of  the  rate  of  heating. 

In  calibration  tests,  it  was  found  that  the 
valve-control  voltage  responds  to  a  change 
in  the  rate  of  heating  within  atx)ut  1  sec- 
ond. At  a  rate  of  20  W,  the  isothermal  calo- 


rimeter measures  the  rate  to  within  0.3  per- 
cent. 

Th\s  work  was  done  by  John  J. 
Rowlette  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory 
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Improved  Hub  Fairings  for  {Helicopters 

Drag  is  reduced  by  a  cambered  hub  fairing. 


Preliminary  wind-tunnel  experinnents 
have  shown  that  a  new  generic  configura- 
tion for  a  fairing  for  a  helicopter  rotor  hub 
can  reduce  the  contribution  of  the  hub  to 
overall  aerodynamic  drag.  Investigations 
continue  with  a  view  toward  developing 
specific  fairing  configurations  that  would 
reduce  hub  drag  by  50  to  80  percent.  This 
has  considerable  importance  for  the  con- 
servation of  fuel  and  efforts  to  increase  op- 
erating range  because,  on  a  typical  mod- 
ern helicopter,  the  rotor  hub  causes  30  to 
50  percent  of  the  total  drag. 

A  conventional  hub  fairing  is  symmetri- 
cal above  and  below  the  plane  of  the  rotor 
During  forward  flight,  the  flow  of  air  con- 
verges, then  diverges  in  the  gap  between 
the  hub  fairing  and  the  fuselage.  This  con- 
dition gives  rise  to  considerable  inter- 
ference drag,  as  does  the  converging/di- 
verging flow  between  two  side-by-side 
symmetrical  airfoils  (see  Figure  1). 

The  new  generic  fairing  has  a  flat  bot- 
tom, which  eliminates  the  converging/di- 
verging boundary  by  straightening  the 
surfaces  that  face  each  other.  This  ar- 
rangement reduces  the  interference  drag, 
similarly  to  the  reduction  of  interference 
drag  by  the  flattening  of  the  facing  surfaces 
of  two  side-by-side  airfoils  (see  Figure  2). 

The  new  fairing  is  larger  than  its  sym- 
metrical predecessor  Because  of  its  cam- 
ber, it  adds  some  lift.  Disadvantageously,  it 
also  adds  some  skin  friction,  induced  drag, 
and  pressure  drag.  However  the  place- 
ment of  the  cambered  fairing  adjacent  to 
the  fuselage  and/or  pylon  can  produce  a 
net  benefit  by  favorably  modifying  the  flow 
around  the  whole  helicopter  A  large  por- 
tion of  the  reduction  in  overall  drag  at- 
tributed to  the  cambered  fairing  is  due  to 
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Figure  1.  The  Converglng-and-Oiverging  Flow  between  the  symmetrical  hub  and  the  fuse- 
lage, like  the  converging-and-diverging  flow  between  symmetrical  airfoils,  causes  interfer- 
ence drag. 


the  elimination  of  the  separated  flow  be- 
tween the  fairing  and  the  pylon  (or  fuse- 
lage) and  elimination  of  the  eddy  shed  from 
the  upper  corners  of  the  pylon. 
This  work  was  done  by  Robert  H.  Stroub, 


Larry  A.   Young.  David  R   G'a'^a'^   a^<y 
Alexander  W.  Louie  of  Ames  Research 
Center 
ARC-12288/TN 
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DETAIL  OF  CAMBERED  HUB  FAIRING 
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FLOW  AROUND  CAMBERED  HUB  FAIRING  AND  FUSELAGE 


ANALOGY:  FLOW  AROUND  AIRFOILS  WITH  FLATTENED  FACING  SURFACE 


Figure  2.  With  the  New  Cambered  Hub  Fairing,  streamlines  over  the  hub  are  deflected 
downward  toward  the  fuselage,  as  though  the  hub  fairing  were  an  integral  part  of  the  fuse- 
lage. 
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